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PREFACE 
A great deal of research has been done on the genotoxic 
effect of industrial wastes. Progress in this field is due, 
in large part, to the development and wide spread use of 
short term genetic bioassays, because the toxicological 
target is DNA. 
The most abundant pollutants in the effluents of 
chemical industries are noxious heavy metals. These metals 
not only pose serious health hazards to the human beings, 
but also disturb the ecological status of the biota 
(Forstner and Wittman, 1979; Vinikour et aA. , 1980; Moore 
and Ramamoorthy, 1984) . It is expected that such type of 
pollution will exert selection pressure for the evolution 
of metal resistant microbes or organisms that would readily 
adapt to high concentrations of metals. Investigations 
have also indicated high incidence of plasmid bearing 
bacterial strains in such polluted zones (Hada and Sizemore, 
1981) . 
It is important to conduct surveys on the existence of 
plasmid encoded metal resistant bacteria, their 
physiological and biochemical characteristics, the mechanism 
of resistance and the limiting factors in natural ecosystem 
so as to evolve a super bug through recombinant DNA 
technology. It would also be a fascinating task to search 
for new microbes that would withstand natural milieu 
(vii) 
containing the metal pollutants. Such microbes could be 
readily used to clean up waste waters and soils containing 
toxic metals. 
Although these fascinating ideas are quite relevant 
and could be incorporated in the long term strategy, yet 
the very basic thing which is urgently needed would be to 
monitor the heavy metal contents of the effluents, to 
analyse the microbial status and evaluate toxicity of the 
pollutants for better understanding of the problem. 
Significance of present work would be more obvious in 
the light of following facts: 
1. Application of sewage sludge on agricultural lands for 
enhancing productivity has been a common practice in 
our country for many years. Now-a-days a serious 
attention is being paid to the heavy metal contents of 
sewage sludge before its land application, because of 
the tendency of uptake of toxic metals and metalloids 
like Hg, Cd, Cu, Co, Cr, Ag, Mo, Ni, Pb, Se, Te and Zn 
by food crops and plants (Webber, 1972; Pike et al. , 
1975; Bhowal et aJ., 1987). 
2. Aligarh city is famous for lock manufacturing 
factories. Hundreds of small and large scale factories 
are supposed to spill tremendous amount of heavy metals 
into the sewage and in the form of industrial effluents 
(Ajmal e:t al,. , 1980) . 
(v i i i ) 
Our contention was to i n i t i a t e the prel iminary work on 
the heavy metal po l lu t ion presumably a r i s i n g out by the lock 
manufacturing f a c t o r i e s . 
In t he f i r s t chap te r of the t h e s i s , review of 
l i t e r a t u r e i s presented to become acquainted with the l a t e s t 
t r e n d s in t h e f i e l d of g e n o t o x i c i t y and heavy metal 
r e s i s t ance . 
The second chapter describes the general mater ia ls and 
methods l ike sampling s i t e s , bac te r i a l s t r a i n s , composition 
of media and buffers e t c . 
The t h i r d chap te r i nco rpo ra t e s t h e q u a n t i t a t i v e 
determination of hea-^ /y metals and b a c t e r i a l f lora v iz . TBC, 
TC, FC and FS of the t e s t sampling s i t e s . 
The fourth chapter contains the data of Ames t e s t i n g . 
Survival pa t t e rns of SOS-defective E .co l i K-12 s t ra ins 
t rea ted with sewage samples have been presented in the f i f th 
chapter. 
The data of heavy metal res i s tance , R-plasmid i so la t ion 
and charac te r iza t ion have been presented in chapter s ix th . 
The l a s t chapter i s devoted for general discussion and 
conclus ion drawn from the exper imen ta l d a t a . The 
bibliography and summary have been documented in the end. 
Chapter - I 
REVIEW 
OF 
LITERATURE 
Escherichia coli and its Characteristic Features 
Escherichia coli for the first time was described by 
Buchner (1885) and the genus was named after Theoder 
Escherich (1888) who made a detailed study of this 
microorganism. E.coli is the predominant facultative 
anaerobic species as the name represents this characteristic 
feature. According to the Bergey's manual, the genus 
Escherichia has been grouped under the family of 
Enterobacteriaceae (Bergey's manual, 1984). It is a gram -ve 
straight rod, measuring (1-3) x (0.4 - 0.7) micron arranged 
singly or in pairs (Alcamo, 1987). 
Cultural Characteristics 
When grown in liquid media, E.coli produces a well 
dispersed turbidity in the temperature range of 10-4 6 C, but 
37°C is the optimum temperature. Most E.coli strains have 
flagella and are motile. It forms a variety of colonies on 
solid media e.g. large, thick, moist, smooth, greyish, white 
or colourless, opaque or partially translucent. Smooth (S) 
type strains form shining, convex colonies but when 
repeatedly subcultured they become rough (R) type and form 
lustureless, granular colonies. The S-->R variation is 
associated with loss of surface antigen and usually of 
virulence. Encapsulated variants produce mucoid colonies, 
particularly when incubated at low temperature and when 
grown in media containing limited amounts of nitrogen and 
phosphorus and a high concentration of carbohydrates. 
Typical E.coli colonies are easily recognized by their 
characteristic appearance on certain differential media. 
This bacterium is largely a lactose fermenter and forms a 
bright pink colonies on MacConkey•s medium. The colonies on 
eosin methylene blue and the endo agar display a metallic 
sheen characteristic. (3-haemolysin is also produced on blood 
agar in certain cases (Davis et al., 1989). 
Biochemical Reactions 
E.coli usually ferments carbohydrates with the 
production of acid and gas. A few strains are however, 
anaerogenic producing acid without gas. Other substances 
with which different biotypes of E.coli react differently 
include raffinose, rhamnose, sucrose, xylose, arginine, 
glutamic acid and ornithine. Gram's staining and IMViC 
reacrions are commonly used for the identification of 
enteric bacilli, and their identification is of prime 
importance in controlling intestinal infections by 
preventing contamination of food and water supplies. E.coli 
displays indol positive, methyl red positive, voges-
prauskaur negative and citrate utilization negative reaction 
i.e. IMViC ++—. E. coli is also distinguished fron other 
coliforms by its ability to form gas from lactose in test 
systen incubated at 44°C (Cappucino and Sherman, 19871. 
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Host Parasite Relationship 
E.coli is commensal that thrives best in the human 
intestine. However, some microorganisms have the ability to 
change genetically and become virulent. E.coli which was 
long considered an avirulent commensal to human, sometimes 
becomes opportunistic and attains pathogenic character 
because certain toxin producing strains have been isolated 
in the outbreak of human diarrhoea and urinary tract 
infections (Middlebrook and Dorland, 1984). 
Pseudomonas Sp. 
Pseudomonad is the name commonly used to designate a 
rod shaped gram -ve, nonsporulated, polarly flagellated 
bacterium. The genus Pseudomonas was created by Migula 
(1894) and was described in a simple paragraph of two lines, 
which may be translated as follows: "Cells with polar organs 
of motility; formation of spores occurs in some species, but 
it is rare (for instance P. violacea) ". This description 
became considerably more substantial soon afterwards with 
proposal of type species. Pseudomonas pyocyanea Migula 
(1895), later renamed P.aeruginosa (Migula 1395, 1900). 
Pseudomonas strains are very common in natural habitats, 
particularly soil, water, spoiled foods and diseased plants 
from which both fluorescent and non-fluorescent Pseudomonas 
could be isolated. The capacity of Pseudomonas for growth in 
very simple media and their wide spread occurrence made them 
appear as prime participants in the process of 
mineralization of organic matter in nature. 
Colony Characteristics 
Properties of Pseudomonas colonies such as size, shape, 
colour, edge and surface ornamentation in some instances 
give important clues for specific identification. Colony 
features of some species can be very striking. For instance, 
the colonies of many strains of P.stutzeri are wrinkled and 
coherent (Van Neil and Allen, 1952; Stanier et aj.. , 1966), 
but these properties frequently are lost by repeated 
subcultivation in laboratory media. Pseudomonas aeruginosa 
strains normally have flat, creamy colonies having a 
tendency to spread over the agar surface. Strains with very 
mucoid colonies can be isolated from respiratory infections 
associated with cystic fibrosis. These strains are able to 
produce alginate, a polysaccharide composed of D-mannuronic 
acid and L-gluronic acid unit (Evans and Linker, 1973) under 
the control of a chromosomal locus (Fyfe and Govan, 1980). 
Until recently, P. aeruginosa was the only species of the 
genus known to have this capacity, but Govan et al. (1981) 
reported the same property in carbenicillin-resistant 
strains of the related species of P.fluorescens, P.putida 
and P.mendocina but not in many other species. 
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Morphology and Cytology 
Pseudomonas strains are typically polarly flagellated, 
gram -ve rods, usually less than 1 /zra in diameter and not 
more than 4-5 ^J.m in length, although some strains 
(fluorescent plant pathogens, P.putida) may have cells which 
are considerably longer. Pili or fimbrae can be observed in 
the cells of many species (Fuerst and Hayward, 1969) , but 
probably all species are capable of producing these 
appendages, to which a number of different functions have 
been attributed in Pseudomonas e.g. cell to cell contact 
(Heumann, 1962), phage adsorption (Bradley, 1972), 
attachment to cell surfaces (Buchanan and Pearce, 1979) and 
twitching motility (Bradley, 1980) . Pigment production is a 
useful property for species determination and they may be of 
various chemical types. Several pigments are soluble in 
water and freely diffusible into the culture medium, whereas 
some remain associated with the cells. Best known of the 
soluble pigments are the fluorescent pigments of some 
members of RNA group I. Their chemical structures have been 
quite elusive and only recently have been determined 
(Wendenbaum et al. , 1983). These pigments are strong non-
chelator and allow growth in media having a low iron 
content. Fluorescent pigment production in the species 
P.sy-rinqae has been subjected to genetic analysis (Loper £t 
al., 1984) . 
Pyocyanin is another important soluble pigment, a 
phenazine derivative, characteristic of P.aeruginosa. Other 
soluble pigments include, the blue pigments of P.fluorescens 
biovar IV and the purple indigoidine of P.indigofera 
(Sneath, 1960; Palleroni, 1978). Pseudomonas strains are 
absolute aerobes. The oxidase reaction can be positive or 
negative, and the cytochrome absorption spectrum is often a 
species characteristic' (Stanier et aX-, 1966; Davis, 1967; 
Auling et aj^. , 1978) . For many strains nitrate can act as an 
electron acceptor under anaerobic conditions. Ir. 
denitrification, the final product can be either N2O or N2, 
and the process is repressed by oxygen. Diagnostic 
characteristics for the various species of denitrifiers are 
given by Palleroni (1984) . On the other hand, many species 
are capable of assimilatory reduction of nitrate to ammonia, 
and this system shares element, in common with tne 
dissimilatory process (Hartingsveldt et aj,. , 1971). However, 
the pleiotropic effect of some mutations reflects a 
connection between the two process, at a different level 
(Sias et aj,. , 1980) . 
Environmental Pollution 
Environmental pollution implies any alteration in the 
surroundings but it is restricted in use especially to mean 
any deterioration in the physical, chemical or biological 
qualiry of the environment. All types of pollution direcrly 
or indirectly affect human health. The pollutants fall under 
the broad classification of xenobiotic compounds and are 
released into the environment by the action of man and occur 
in concentrations higher than "natural" levels. 
India is a huge country with about 850 million 
population and only second to China in terms of man-power. 
Since independence, an all round and unprecedented growth 
has taken place in several areas such as industry, 
agriculture, power ' generation, oils and minerals 
exploration, telecommunication, shipping and aviation, 
science and technology, etc. (Gupta, 1989). The rapid 
industrialization, fast urbanization and over population 
consequently resulted in the tremendous release of 
xenobiotic compounds into the environment and thus the 
environmental pollution has become a serious problem in 
India. Large quantities of various chemicals, some of which 
are highly toxic are used routinely by industries and 
consumers either for material comfort or for enhanced 
agricultural productivity (Vishwanathan, 1985), 
One of the problems of the extensive produccion of 
chemicals is associated with the release of ever increasing 
number of various toxic chemicals in environment and their 
exposure to living community. At present most of the 
industries in India are operating without any treatment 
plants for their liquid wastes or gaseous emmissions. 
Industrial, commercial and domestic wastes are disposed off 
indiscriminately into the drains or on the lands. Such a 
callus disposal of waste material which may contain toxic 
and radio-active chemicals or disease producing 
microorganisms may lead to serious health problems (Kudesia, 
1982; Ray and Gupta, 1986; Gupta 1989). Recently Ramesh et 
al. (1989, 1990) have also reported the widespread 
contamination of toxic material in Indian environmental 
samples. 
The debate about the health risk associated with the 
industrial chemicals has continued for sometime and the 
public concern over the increasing incidence of cancer due 
to environmental carcinogens has increased substantially and 
led to tighter governmental regulations for the production 
and use of many forms of toxic chemicals (Gupta, 1989). 
Besides the toxicity and carcinogenicity of a large 
proportion of these pollutants, another serious problem is 
their persistence in nature. The extremely long life of such 
chemicals, when present in the soil or in the aquatic 
environment greatly amplifies the toxicity and health risk 
problems in the area of contamination. Several studies 
conducted in our country have proved that highly 
contaminated water leads to loss of 73 million work days 
every year due to outbreaks of water related diseases like 
infective hepatitis, dysentry, diarrhoea, typhoid, malaria, 
yellow-fever, trichoma, flu and tuberculosis etc. (Kudesia 
1982; Ray and Gupta, 1986; Gupta, 1989). The various ways in 
which environmental pollution affects human health is 
depicted in Fig. 1. 
Heavy Metals 
Certain heavy metals are considered to be important in 
plant and animal nutrition for normal cellular function 
where they play an essential role in tissue metabolism and 
growth. However, heavy metals are toxic to cells once their 
levels exceed their low physiological values, whereas 
marginal imbalance contribute to poor health and retarded 
growth (Leland and Kuwabara, 1985; Wong, 1988). The use of 
heavy metals have increased during this century rapidly and 
have begun to contaminate the environment. They have also 
been found m air, food, soil, plants and water. 
(a) World Wide Surveys Conducted on Heavy Metal Pollution 
Among the inorganic pollutants, heavy metals are the 
primary concern because of their ubiquitous presence m 
global environment. Schanle and Patterson (1978) observed 
lead enricnment in surface water of the North Pacific 
between Calitornia and Hawaii, and this enrichment is 
attributed to the atmospheric inputs from automobile and 
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smelter emmissions. Windson et_ a_l. (1975) studied the 
seasonal variations of soluble mercury in surface waters of 
the south-eastern Atlantic continental shelve. Schanle and 
Patterson (1978) linked these variations to atmospheric 
inputs in United States. Moreover, mercury was reported to 
be enriched in deep sea waters by hot spring discharges 
(Bostrom and Fischer, 1969; Carr et, aX- , 1975). The 
distribution of low and high values of metal concentrations 
represent the areas receiving the level of effluents. Edward 
et al. (1989) have also reported the higher concentrations 
of cadmium and lead in human body fluids, air and drinking 
water in the area of Cracow. Moreover, the deleterious 
effect of heavy metals on microorganisms (Gadd and 
Griffiths, 1978), plants (Ichikura et al., 1970) and animals 
(Eisler and Hennekey, 1977) have been well documented. 
Most of the food stuffs like fresh vegetables, cereals, 
and fruits contain the elevated levels of several heavy 
metals. Crops grown in polluted soil (from industrial 
contamination and from use of sewage sludge as fertilizer) 
or irrigated with polluted water may contain increased 
concentrations of heavy metals. Some sea foods also contain 
higher levels of many trace metals (WHO, 1984). Especially, 
the elevated level of lead in the air of rural areas has 
been documented. It is also known to be present in milk and 
dairy products as well as in wine (WHO, 1984) . 
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(b) Heavy Metal Pollution in India 
During the survey, conducted in India in 1974 it was 
noticed that children were deformed because of heavy metal 
contamination in drinking water from the stream in 
Rajasthan. This deformity was mainly due to toxic effects of 
mercury and cadmium which causes paralysis and bring about 
damage to the bones (Kudesia, 1982). Chandra (1980) also 
reported various environmental problems due to heavy metal 
pollution in India. 
Application of sewage sludge on agricultural lands for 
enhancing productivity has been a common practice in India 
for many years. Now-a-days, a serious attention is being 
paid to the heavy metal contents of sewage sludge before its 
land application, because of the tendency of uptake of toxic 
metals and metalloids like Cd, Cu, Co, Cu, Ag, Ni, Pb, Zn, 
Fe, etc. by food crops and plants (Webber, 1972; Pike er, 
al., 1975; Bhowal et aX-, 1987). Moreover, hundreds of large 
and small scale industries are supposed to spill tremendous 
amount of heavy metals into the sewage in the form of 
industrial wastes (Ajmal et aj,. , 1980). In fact, heavy metal 
pollution is increasing day by day around industrial and 
urban areas (Ray and Prasad, 1987). 
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(c) Heavy Metal Pollution in Aquatic Environment 
As early as 1920's, Carpenter (1926) investigated 
aquatic pollution by lead, and similar pioneering studies on 
lead and zinc pollution were carried out by Jones in 1940 
(Jones 1940 a,b). Research on the effects of trace metals in 
natural water during the first half of this century focussed 
on lead, zinc and copper pollution from mining and 
industrial effluents (Doudoroff and Katz, 1953; Jones, 
1964). Recently, the insidious mercury contamination of 
Minimata Bay (Harada, 1978) and the catastrophic poisoning 
of the cadmium have been demostrated (Kobayashi, 1978). 
Deleterious effects of copper, conta-minating the aquatic 
system is well established. Even a small amount of Cu"*"^  
severely affects the water quality (Stiff, 1971), fish 
survival (Khangarot, 1981), aquatic invertebrates (Gupta et 
al. , 1981) and human health (Venugopal and Luckey, 1978). 
Schanle and Patternson (1978) observed lead enrichment m 
surface waters of North Pacific between California and 
Hawaii and atrributed this enrichment to atmospheric inputs 
from automobile and smelter emmissions. Total concentrations 
of copper, zinc and cadmium in surface water have been 
positively correlated with macronutrient concentrations, 
suggesting a role in biogeochemical cycling (Boyle et. aX. , 
1977; Bruland et ill-, 1978). Higher concentrations have been 
reported for polluted freshwater than for polluted sea 
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water, whereas high coastal marine sediment concentrations 
generally exceed high fresh water sediment concentrations. 
This observation led to suggest that oceans serve as the 
final sink for these pollutants (Leland and Kuwabara, 1985). 
Moreover, Yokota et al. (1988) have also reported that the 
distribution pattern of heavy metals is related to grain 
size of the bottom sediment. 
(d) Heavy Metal Pollution in Soils 
Grassland provides a valuable outlet for sewage sludge 
allowing application at times of the year when arable land 
is inaccessible because of wet soil conditions in the 
winter, or of cover by a standing crop in the suininer. Also, 
grass grows well in response to surface dressing of sewage 
sludge and is not particularly sensitive to enhanced metal 
concentrations in the soil. The increase in the number of 
heavy metal emitting sources in the vicinity of residential 
areas during the last decades has aroused a concern about 
the environmental impact of these elements. Globally lead 
concentrations in the atmosphere and in surface soils have 
risen since 1940. Murozomi ejt aj^. (1969) came to this 
conclusion after finding increased concentrations of lead m 
Greenland ice layers dating from 1940. They attributed this 
increase to the burning of lead alkyls. Likewise, Hvatum ejc 
al. (1983) found increased concentrations of lead and other 
trace elements in Norwegian Ombotrophic bogs due ro 
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atmospheric deposition of these elements. Several industrial 
activities as well as vehicle exhausts emit these elements 
(Solomon and Hartford, 1976; Bower et al. , 1978; Miller and 
Mc Fee, 1983; Reeves and Brooks, 1983), so that soils, 
plants and residents along the roads with heavy traffic 
loads are subjected to increasing levels of contamination 
with heavy metals (Welch and Dick, 1975; Ward et al-, 1977; 
Harrison et al-i 1981). Soils, due to their cation exchange 
capacity (CEC), complexing organic substances, oxides and 
carbonates, have high retention capacity for the heavy 
metals. Thus contamination levels increase continuously as 
long as the nearby sources remain active. Heavy metals, 
however, attached to soil particles may be removed from the 
soil surface and translocated elsewhere by the aczion of 
water and wind (Harrison et, aj^. , 1981; Davies, 1984; 
Ndiokwere, 1984) . 
(e) Heavy Metals: As Potential Health Hazard 
The heavy metals have been reported to be genotoxic, 
mutagenic and carcinogenic in several studies (Fisnbein, 
1987; Wong, 1988; Pagano and Zeiger, 1992). Eichorn '1975' 
and Kobayashi et aJ. (1988) demonstrated binding of heavy 
metals to the phosphate deoxyribose and hetrocyclic base 
residues of DNA. Interaction of heavy metals with DIJA may 
induce the alteration in the primary and secondary 
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structures and could result in mutations. Some inorganic 
metals have been detected as genotoxins in suspension assay 
using B.subtilis (Nishioka, 1975; Kanematsu et a^. , 1980), 
E.coli Lad (Zakour and Glickman, 1984), lambda prophage 
induction (Rossman et. aj^. , 1984) and Salmonella in 
fluctuation assays (Arlauskas et aJ. , 1985). Pagano and 
Zeiger (199 2) reported that cobalt chloride (Co"*"^ ) , ferrous 
sulphate (Fe"^ "^ ) , manganese sulphate (Mn"^ "^ ) , cadmium chloride 
(Cd"*"*") and zinc chloride (Zn"^ "^ ) could be reproducibly 
detected as mutagens in Salmonella strain TA97 when 
preincubation exposures were made in sterile distilled 
deionised water or in hepes buffer in NaCl/KCl, rather than 
the standard sodium phosphate buffer. The insensitivity of 
bacteria in metal mutagenesis has generally been attributed 
to the lack of bioavailability or uptake into the cells. 
Insoluble metals, which could be expected to be non-
mutagenic and in some cases non-toxic in bacterial system, 
have been shown to cause toxicity in mammalian cells after 
phagocytosis (Rossman et. aX-, 1987). Wong (1988) has 
reported the mutagenicity and carcinogenicity of several 
heavy metals which are commonly found in polluted areas 
using the Salmonella microsome mutagenicity test. Cadmium 
contamination in food resulted in the severe gastro-
intestinal upsets, bronchitis, anemia and renal stones (NRC, 
1977). Toxic effects of chromium have been observed in rats 
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and rabbits when drinking water contained more than 5 mg of 
hexavalent chromium per litre. It can also cause digestive 
tract and lung cancers in man (lARC, 1980). Similarly, 
subacute mercury poisoning also have neurological 
manifestations (Chang and Hartman, 1972) . Leonard and Gerber 
(1983) reported the aluminium induced carcinogenicity, 
mutagenicity and teratogenicity. Several heavy metals, such 
as lead, cadmium and nickel are toxic to man and animals 
(Lagerwerff and Specht, 1970; WHO, 1972; William.s et al. , 
1980; Davies, 1984) . Venitt and Levy (1974) have shown that 
hexavalent chromium compounds preferentially induce G:C — > 
A:T transitions in E.coli. Lead compounds have been reported 
to induced renal tumors in experimental animals (Stoner et 
al. , 1976; lARC, 1980). Zelikoff et a^- (1988) have shown 
that lead compounds are weakly mutagenic at the hprt locus 
in Chinese hamster V79 cells. Rossman et aj,. (1937) also 
noted that lead salts are cytotoxic to mammalian cells at 
concentrations where an insoluble precipitate is formed. 
Genotoxicity of Wastewaters 
Industrial wastes and effluents are undesirable by 
product of economic development and technological 
advancement. Increased incidents of gastro-intestmal 
cancers (Griffith et aJ. , 1989), bladder cancer (Budnick et 
al. , 1984), reproductive abnormalities (Vianna and Polan, 
1984; Goldman et aj,. , 1985) and congenital malformations 
(Goldman et al. , 1985) have been found in population living 
near hazardous wastes dump sites. 
During the past decade, studies from countries 
throughout the world have documented the widespread presence 
of genotoxic, mutagenic and carcinogenic substances in the 
polluted water. It was difficult to pinpoint the source of 
these pollutants in surface water sources but industrial 
discharges, municipal waste water treatment plant effluents 
and surface or agricultural runoff have been implicated 
(Meier, 1988). 
The presence of genotoxins in water have been discussed 
in detail by the Loper (1980), and several other workers 
have also reported the genotoxins in water in different 
parts of the world (Kool et aJ. , 1983; Meier et ai. , 1987; 
Sanchez et_ aj^. , 1988). A number of inorganic compounds 
particularly certain metal compounds have been shown to 
possess genotoxic activity (Rossman et a],., 1984), though 
these compounds are generally not active in Salmonella assay 
(McCann and Ames, 1977). 
The presence of genotoxins in source water has been 
determined both by direct detection of cytogenetic effecrs 
in aquatic species (Prein et aj,. , 1978; Alink et al. , 1980, 
Vander Gagg ejt aj^. , 1983) and other test organisms 
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(Klekowski and Levin, 1979; Ma et. aj,. , 1985) and by 
demonstration of genotoxic activity in organic and inorganic 
concentrates of these waters (Van Kreijl et aj,. , 1980; Kool 
et al. , 1983; Marouka and Yamanaka, 1983). Moreover, 
mutagenic activity has also been detected in organic and 
inorganic extracts of industrial wastewater effluents from 
a variety of industries (Johnston et aJ. , 1982; Rossman et 
al., 1984; Mc George et al., 1985). 
Plasmid Determined Metal Resistance 
Bacterial plasmids harbour house keeping genes 
(governing their replication, segregation and copy number 
control) and also genes that provide the host cell with 
ancillary phenotypic functions, those that are needed by the 
cells under all growth conditions. These extra functions 
include the synthesis of bacteriocins, the ability to 
mediate cell to cell conjugation, resistances to 
antibiotics, resistances to toxic heavy metals and a range 
of other activities, including some (lactose fermentation 
and hydrogen uptake) that might be considered central 
cellular metabolism. Heavy metal resistance in bacteria is 
frequently coded by genes located on plasmids and 
transposons and is often transferable intergenerically, 
interspecially, and also from ijl situ microflora to 
indigenous microflora (Datta and Hedges, 1972; Smith, 1978; 
Bale et <ai. , 1988; Silver, 1992). Heavy metal resistances 
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have been frequently found on plasmids of Gram -ve and Gram 
+ve eubacteria (Silver and Misra, 1988; Silver and 
Walderhaug, 1992). The metal resistance is often associated 
with resistance to single or multiple drugs (Kondo et al. , 
1974; Foster, 1983; Silva and Hoffer, 1993), phenolic 
compounds (Pickup et aJ., 1983) and pesticides (Don and 
Pamberton, 1981). The known mechanisms of bacterial heavy 
metal resistance are basically only four (Silver, 1992): 
(i) Keeping the toxic ion out of the cell by altering a 
membrane transport system involved in initial cellular 
accumulation. 
(ii) Intracellular or extracelluar sequestration by specific 
mineral-ion binding components (analogous to the 
raetallo-thioneins of eukaryotes and the phytochelatins 
of plants but generally at the level of the cell wall 
in bacteria). 
(iii)Highly specific cation or anion efflux systems encoded 
by resistance genes (analogous to multiple resistance 
of animal tumor cells). This is the most commonly found 
mechanism of plasmid controlled bacterial metal ion-
resistance . 
(iv) Detoxification of the toxic cation or anion by 
enzymatically converting from a more toxic to a less 
toxic form. This last surprising mechanism does indeed 
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occur, as best known for detoxification of inorganic 
and organomercurials. It may also be used for oxidation 
of As(III) and reduction of Cr(VI) to less toxic forms, 
but these known microbial processes have not been 
associated with plasmids (Summers and Silver, 1978; 
Silver, 1992; Rani and Mahadevan, 1993). 
The concentration of metal pollutants in the 
environment is low excepting in specific areas which are 
polluted by various hospital and industrial wastes. However, 
unpolluted environments may also harbour metal resistant 
organisms that readily adapt to high concentration of 
metals. The incidence of plasmid bearing strain is more in 
polluted site than in the unpolluted region (Hada and 
Sizemore, 1981). 
Plasmid Determined Mercury and Organomercury Resistance 
Mercury resistance determinants are common among the 
naturally occurring and clinically isolated bacterial 
populations and are frequently found on plasmids (Trevors et. 
al., 1985; Summers, 1986; Silver and Misra, 1988). 
The earliest observation of the presence of bacteria 
with strong resistance towards mercury and organomercurials 
came from Japan where resistant bacteria were isolated from 
organcmercurial polluted soil (Vaczi et aj^. , 1962; Tonomura 
and Kanazaki, 1969) and from the United Kingdom among the 
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penicillinase producing clinical isolates of S.aureus 
(Richmond and John, 1964; Dyke et, aj^. , 1970) and 
subsequently, it was described in Escherichia coli (Smith, 
1967). Many of antibiotic resistance plasmids in both gram -
ve and gram +ve bacteria have the genes to determine 
resistance to Hg"*"^  (Novick and Roth, 1968; Schottel et al. , 
1974; Summers and Jacoby, 1978). In the Hammersmith 
hospital, London, in a collection of over 800 plasmids 
transferred with a common host, E. coli K-12 from a wide 
range of host species including, Proteus, Providentia, 
Salmonella, Serratia, Shigella and Klebsiella, the frequency 
of genetic determinants of mercury resistance was about 25% 
(Schottel et a^., 1974). 
Resistance to Cadmium, Cobalt, Zinc and Nickel in Microbes 
The four heavy metals namely zinc, cobalt, cadmium and 
nickel are used in industrial countries for a variety of 
applications. Cobalt and nickel being chemically related to 
iron are used for the production of steel and for 
electroplating. Their salts have been used for centuries for 
the production of blue and green pigments respectively. 
These examples illustrate the extensive use of cadmium, 
zinc, cobalt and nickel by humans which consequently leads 
to contamination of soil and freshwater habitats with the 
divalent cations of the four heavy metals. In addition to 
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the anthropogenic contamination, heavy metal ions may leak 
from naturally occurring minerals into soil or freshwater 
habitats. In both cases it is not generally one cation that 
is present in toxic concentrations but usually a major 
cation plus some accompanying ions, e.g. Zn"*"*" plus Cd"^ "^  and 
Ni"^ "*" plus Co"^ "^  and Cr07~. As a response to this challenge, 
multiple metal ion-resistant bacteria evolved which contain 
a variety of plasmid-encoded metal resistance determinants, 
e.g. S.aureus (Novick and Roth, 1968), A. eutrophus strain 
CH34 (Mergeay et. aj^. , 1985). When copper resistant 
Alcaliqenes strains were isolated from wastewater, these 
strains contained czc, cnr, chr, and mer resistance 
determinants although the corresponding metal ions were not 
used for selection (Dressier et al-, 1991). Moreover, CH34 
like organisms were easily isolated from metal contaminated 
habitats in Germany, Belgium and Zaire (Schmidt and 
Schlegel, 1989; Diels and Mergeay, 1990; Kaur et al., 1990). 
Thus the presence of variety of metal resistance 
deter:ninants in one bacterium seems to occur frequently in 
nature. Genes resistant to cadmium are located on both 
plasmids and chromosomes (Novick and Roth, 1968; Tynecka et 
al. , 1981; Surowitz et aJ. , 1984). In S. aureus, cadmiuni 
resistance is attributed to reduced uptake of Cd"^''" via Mn^^ 
system (Chopra, 1971; Chopra, 1975). Silver and Misra (1988) 
have suggested six or more cadmium resistance systems in 
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bacteria. The first two systems involved are Cad A and Cad B 
of S.aureus plasmids that also confer resistance to several 
other heavy metals (Perry and Silver, 1982). The czc 
determinant of the gram -ve bacterium A. eutrophus encodes 
resistance to Cd"'"'', Zn"^"*" and Co"*"*" by metal-dependent efflux 
(Nies and Silver, 1989) and the plasmid encoded cadmium 
resistance from P.putida also function in reducing the 
accumulation of the toxic cation (Horitsu et aj,. , 1986) . 
The cnr resistance system in A. eutrophus is encoded by 
plasmid pMOL28 and is primarily designed as a nickel 
resistance. It is induced effectively only by Ni"^  in growth 
experiments (Siddiqui and Schlegel, 1987; Siddiqui et al., 
1988). Resistance encoded by the cnr determinant is based on 
energy dependent specific-cation efflux (Sensfuss and 
Schlegel, 1988; Varma et al., 1990). 
The A. eutrophus strain CH34 was isolated from a zinc 
decanration tank (Mergeay et a/l. , 1978) and contains two 
large plasmids (Gerstenberg et a^ .. , 1982) designated pMOL 28 
(153Kb) and pMOL30 (238 Kb). These plasmids harbour a 
variety of metal resistance determinants (Mergeay ejc aj,. , 
1985). Bradley and Taylor (1987) have reported the telluriun 
resistance in a broad host range plasmid RP^ was due to low 
frequency mutation. Resistance to cobalt and nickel has been 
reported in 12 clinical isolates (Enterobacter sp.) 
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harbouring R-Plasmids (Smith, 1967). The plasmid pMG6 in 
P.aeruginosa conferred resistance to boron and chromate 
(Summers and Jacoby, 1978). Bopp et aX- (1983) demonstrated 
a chromate reducing activity in a strain of P.fluorescens 
carrying a chromate resistance plasmid pLHBl. 
Some Important Characteristics for Studies on the R-plasmid 
Harbouring Cells 
The ability of a plasmid to be transferred from one 
bacterium to another through conjugation an>d/or 
transformation provides a good presumptive evidence of 
plasmid involvement, particularly if the frequency of 
transfer is high. Transfer experiments that are conducted by 
simply mixing cultures of the test bacterium with a suitable 
recipient strain can give rise to progeny by conjugation and 
transformation. 
(i) Conjugation 
Conjugation is the highly specific process whereby DNA 
is transferred from donor to recipient bacteria by a 
mechanism involving cell to cell contact (Lederberg, 1952). 
Conjugation has been detected in many members of the 
Enterobacteriaceae (Jacob et aj^ . , 1977) and in other gram -
ve and gram variable bacteria. 
Almost all types of R-plasmids of more than 5 x 10 
daltons are conjugative in nature. R-plasmids are composed 
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of two genetically and physically distinguishable components 
(i) a resistance transfer factor (RTF) that harbours the 
genes for self transmissibility (tra) and autonomous 
replication (rep), and (ii) a resistance determinant (R-
determinant). The R-determinant harbours the majority of 
resistance genes (Clowes, 1972; Davis and Rownd, 1972). The 
plasmid transfer by conjugation is possible both within and 
outside the boundaries of the genus (Marmur et a_l. , 1963; 
Datta and Hedges, 1972; Datta, 1975). E.coli is also 
reported to transfer its R-plasmids to various pathogenic as 
well as non-pathogenic bacteria (Baron and Falkow, 1961; 
Oleson and Gonzalez, 1974; Jeanclaude et a^., 1988). 
(ii) Transformation 
This is the process by which DNA from one cell (the 
donor) is taken up by another (the recipient) direcrly from 
the surrounding medium (Cohen et aj^. , 1972) . There are many 
genera of bacteria in which transformation has been 
successfully demonstrated e.g. all genera in 
Enterobacteriaceae, Bacillus, Haemophilus (Smith er a_l. , 
1981), Staphylococcus (Lacey, 1975) and Streprococcus 
(Clewell, 1981). Some genera of bacteria are able to undergo 
physiological transformation, but E.coli is not competent to 
physiological transformation (Saunders et aA., 1984). 
However, the E.coli can be made susceptible to take up 
foreign DNA under artificial conditions like treatment wirh 
transition metals (Ca"^ "^ , Rb"^ "^ ) , with intermittent heat shock 
etc. (Lederberg and Cohen, 1974; Kushner, 1978). 
(iii) Plasmid Instability and Curing 
One of the ways to ascertain whether or not a 
particular characrer is associated with plasmid, the 
elimination (curing) of plasmids provides an appropriate 
experimental basis. The criterion of curing can be used both 
in ccnjugative and non-conjugative plasmids (Khatoon and 
Ali-Mohammad, 1986). It is expected, therefore, that in any 
growing population cf plasmid harbouring bacteria, plasmid-
less segregants will occasionally be produced as the error 
in the process of plasmid replication or partitioning to 
daughter bacteria. Thus this loss of plasmid, or curing can 
occur either spontaneously (Novick, 1969) or under the 
influence of the physical (Stadler and Adelberg, 19"2) and 
chemical agents (Novick, 1969; Stanisich, 1984). Some cf 
these curing agents can mutate DNA (Willettes, 19 67). These 
agents are individually effective only against some 
plasmids, and their effect on newly discovered plasmid 
cannot be predicted (Mitsunashi et aj,. , 1961; Stanisich, 
1984) . 
The generally used curing agents are acridine dyes 
(Hirota, 1956; Hirota and lijiman, 1957), ethidium bromide 
'Bounchaud -^.t al., 1969: Jones and Sneath, 1970; Hardman et. 
aj,. , 1986, Khatoon and Ali-Mohammad, 1986; El-Syed et al. , 
1988), many mutagens (Willettes, 1967; Yoshikawa and Sevag, 
1967; Hahn and Ciak, 1971; Lacey, 1975; McHugh and Swartz, 
1977; Molnar et aj,. , 1978; Selan et al. , 1988), chemicals like 
sodium dodecyl sulphate (Tomoeda et al,. , 1968; Inuzaka et al. , 
1969; Tomoeda et, aj,. , 1970), metal ions like Ni"^~, Co^" 
(Hirota, 1956) and also some physical agents like heat (May et 
al. , 1964; Stadler and Adelberg, 1972; Jayaratne et, al. , 
1987) . 
Cancer and DNA damage 
It has long been known that cancer can arise as a resul-
of exposure to a variety of agents, and studies on the 
mechanism of induction process have revealed thar pure 
chemicals themselves are able to produce cancer (Miller, 
197 8). Damage to DNA by environmental mutagens may be the main 
cause of death and disability in advanced societies Cairns, 
1975) . It is believed that this damage, accumulating during 
our lifetime initiates most human cancer and genetic defects, 
and is guite likely a major contributor to aging and heart 
disease (Pearson et, aj,. , 1975) . 
The rate of DNA damage in carcinogenesis and mutagenesis 
has been extensively reviewed (Cleaver and Bootsma, 1975: 
Maron and Ames, 1983). There is an evidence which support that 
carcinogens and radiations likely to initiate most human 
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cancers and genetic defects, do so by damage to DNA (McCann 
et aJL. , 1975) . The correlation between radiation induced 
damage and cancer has long been apparent to radiation 
biologists but through molecular evidence it has been found 
that DNA damage is a direct cause of cancer. The evidence 
comes from patients suffering from Xeroderma pigmentosum 
(Devoret, 1979) and some human disorders like Ataxia 
telangiectasia, Bloom's Syndrome and Fanconis anemia are 
genetic disorders characterized by an increased 
susceptibility to cancer (Walker et a_l. , 1985) • 
Mutagenicity and Carcinogenicity Testing Systems 
Various long and short term tests have been reportea 
for mutagenicity and carcinogenicity testing. It has been 
increasingly apparent that the methods for identifying 
carcinogens by using long-term studies in rodents are unable 
to meet demands for a quick, sure and inexpensive 
identification of environmental carcinogens. Moreover, the 
long term tests apart from being expensive and time 
consuming, are not critically feasible due to use of whole 
animal especially on the large number of test samples 
(Waters et aJ., 1989). This has brought about an intensive 
research for appropriate test systems and over the last few 
decades a series of short term tests have been published 
(Dyrby and Ingvardsen, 1983). 
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Short term tests (STTs) for genotoxic chemicals were 
originally developed to study the mechanism of chemically 
induced DNA damage and to assess the potential genetic 
hazard of environmental toxic chemicals to humans. Although 
many short term tests are reported, relatively few of them 
are being used extensively in many laboratories. The widely 
used tests include the Salmonella/mammalian microsome test, 
tests for gene mutation in cultured Chinese hamster or mouse 
lymphoma cells, the sex linked recessive lethal test in 
Drosophila, tests for chromosomal aberrations, sister 
chromatid exchanges, unscheduled DNA synthesis in mammalian 
cell cultures, and cytogenetic analysis in rodents (Ashby 
and Tennant, 1988). Mutations are commonly detected in 
microorganism by selecting for reversions in an auxotrophic 
strain (a strain with a specific nutritional requirements 
caused by a mutant gene) or forward mutations that confer 
resisrance to an inhibitory chemical. Thus microbial tests 
can be conducted quickly and inexpensively and are therefore 
suitable for screening large number of chemicals. Recently, 
Tennant et aA. (1987) and Ashby and Tennant (1988) reported 
that no combination of the four STTs is better than 
Salmonella on its own for flagging probable carcinogens. The 
role of these tests has increased, however because of 
accumulating evidence in support of the somatic mutation 
theorv of carcinogenesis (Crawford, 1985; Ames et aJL. , 1987) 
and because of reports that many rodent carcinogens in Vitro 
are genotoxic in short term tests (Ames, 1979). 
Ames Testing System 
The most widely used test for mutagenicity is the 
Salmonella/mammalian microsome test developed by Ames and 
his colleagues (1975). The Salmonella mutagenicity test 
along with other short-term bioassays (Hollstein et al., 
1979) is being extensively used to survey a variety of 
substances in our environment for mutagenic activities 
(Ames, 1984). This test measures back mutation in several 
specially constructed mutants of Salmonella. In the Ames 
test, mutations are detected in histidine requiring strains 
of Salmonella typhimurium as bacterial colonies that grow in 
the absence of histidine. The test includes some strains 
that revert by base-pair substitutions, some revert by 
transition mutation and other revert by frane-shift 
mutations. For screening of mutagens, test systems must be 
modified so as to have metabolic capabilities like those of 
mammals. Metabolic activation systems are needed to detect 
some classes of carcinogens, such as nitrosamines, 
polynuclear aromatic hydrocarbons, and aromatic amines. 
Chemicals that are mutagenic and carcinogenic only when 
metabolised are called promutagens, they can be activated m 
vitro by using homogenatas of mammalian tissues in the short 
term tests (Ames et a_l. , 1973b) . The rat liver metabolic 
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activation system, frequently called as Sg fraction is now 
standard part of mutagenicity testing (Ames et aX. , 1975) . 
Definition of the Problem 
Aligarh city is famous for lock manufacturing and 
plating industries. Hundreds of small and large scale 
factories are supposed to spill tremendous amount of heavy 
metals into the sewage (Ajmal et aX. , 1980) . Such type of 
pollutants would obviously exert profound effect upon the 
ecological status of the systems (Forstner and Wittman, 
1979; Vinikour et al,. , 1980; Moore and Ramamoorthy, 1984). 
Moreover, connection of industrial effluents to the 
municipal sewage network may create problems such as public 
health risks and imbalance of microbial communities in the 
sewage system, which in turn would affect the biological 
treatment process (Nemerow, 1978). 
In view of the strategic situation and involvement of 
human healtn hazard, it seemed appropriate to conduct the 
study on the risk assessment both in terms of the nature of 
pollutants and their genotoxicity. Furthermore, the study in 
isolation of the ecological status of the system would not 
reflect the true picture of risk. Our focus of research 
based on the aforementioned literature, therefore, was to 
address the problem on the following lines : 
1) Estimation and enumeration of bacterial densities viz. 
TBC, TC, EC and FS, in sewage and soil in the 
33 
neighborhood of industrial area of Aligarh during the 
course of study. 
2) Correlation between the bacterial population from 
domestic sewage water and industrial effluents as well 
as from soils of the same area. 
3) Quantitative determination of heavy metals from sewage 
water and soils. 
4) Mutagenicity testing of heavy metals, sewage water and 
soil filtrate employing the Ames testing system. 
5) Genotoxicity testing of heavy metals, sewage water and 
soil filtrate employing the DNA repair defective E.coli 
mutants and phage Ac"*". 
6) Incidence of multiple metal resistance, if any, in 
E.coli and Pseudomonas sp. from sewage water and soil. 
7) Studies on the involvement of plasmids in mediaring 
such resistance and their possible transfer by 
conjugation and transformation. 
8) Isolation and characterization of R-plasmids from the 
above mentioned isolates. 
Chapter - II 
GENERAL MATERIALS 
AND 
METHODS 
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MATERIALS 
MEDIA 
Azide Dextrose Broth (pH 7.2) 
Peptone 
Beef extract 
Dextrose 
Sodium chloride 
Sodium azide 
EC Broth (pH 6.9) 
Tryptone 
Lactose 
Bile salt 
Dipotassium phosphate 
Monopotassium phosphate 
Sodium chloride 
EMB Agar (pH 7.2) 
Peptone 
Lactose 
Sucrose 
Postassium phosphate 
Agar 
Eosin Y 
Methylene Blue 
MacConkey Agar (pH 7.1) 
Pancreatic diaest of gelatin 
15.0 g/1 
4.5 g/1 
7.5 g/1 
0.2 g/1 
0.2 g/1 
20.0 g/1 
5.0 g/1 
1.5 g/l 
4.0 g/: 
1.5 g/l 
5.0 g/1 
10.0 g/1 
5.0 g/1 
2.0 g/1 
2.0 g/1 
13.5 g/1 
0.4 g/1 
0.065 g/: 
17.0 g/1 
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Pancreatic digest of casein 
Tissue 
Bile salts 
Sodium chloride 
Agar 
Neutral red 
Crystal violet 
MacConkey Broth (Double Strength) (pH 7.4) 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
MacConkey Broth (Single Strength) (pH 7.4) 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
Nutrient Agar (pH 7.4) 
Peptone 
Sodium chloride 
Beef extract 
Yeast extract 
Agar 
1.5 g/1 
1.5 g/1 
1.5 g/1 
5.0 g/1 
15.0 g/1 
3 0.0 mg/1 
1.0 ng/1 
40.0 g/1 
20.0 g/: 
10.0 g/l 
10.0 g/1 
3.15 g/1 
20.0 g/1 
10.0 g/1 
5.0 g/1 
5.0 g/1 
0.075 g/; 
5.0 g/1 
5.0 g/1 
1.5 g/1 
1.5 g/1 
15.0 g/1 
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Nutrient Broth (pH 7.4) 
Peptone : 5.0 g/1 
Sodium chloride : 5.0 g/1 
Beef extract : 1.5 g/1 
Yeast extract : 1.5 g/1 
Pseudomonas Isolation Agar (pH 7.2) 
Peptone : 2 0.0 g/1 
Magnesium chloride : 1.4 g/1 
Potassium sulphate : 10.0 g/1 
Agar : 13.6 g/1 
Igrasan (R) : 0.7 g/1 
SIM Agar (pH 7.3) 
Peptone : 30.0 g/1 
Beef extract : 3.0 g/1 
Ferrous ammonium sulfate : 0.2 g/1 
Sodium thiosulfate : 0.2 g/1 
Agar : 3.0 g/1 
Simmon Citrate Agar (pH 6.9) 
Ammonium hydrogen phosphate : 1.0 g/1 
Dipotassium phosphate : 1.0 g/1 
Sodium chloride : 5.0 g/1 
Sodium citrate : 2.0 g/1 
Magnesium sulfate : 0.2 g/1 
Agar : 15.0 g/1 
Bromothymol blue : 0.08 g/1 
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Soft or Top Agar 
Nutrient broth : 13.0 g/1 
Agar powder : 7.0 g/1 
Triple Sugar Iron Agar (pH 7.4) 
Peptone : 10.0 g/1 
Tryptone : 10.0 g/l 
Yeast extract : 3.0 g/1 
Beef extract : 3.0 g/1 
Lactose : 10.0 g/1 
Saccharose : 10.0 g/1 
Dextrose : 1.0 g/1 
Ferrous sulphate : 0.2 g/1 
Sodium chloride : 5.0 g/1 
Sodium thiosulphate : 0.3 g'l 
Phenol red : 0.024 g/1 
Agar : 12.0 g/l 
Trypticase Soy Broth (pH 7.2) 
Trypticase : 15.0 g^l 
Phytene : 50.0 g/1 
Sodium chloride : 5.0 g/1 
Media for Ames Strains 
Medimn for master platss and slants : The composition of the 
medium for Ames strains to prepare master plates and slants 
was as under : 
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Sterile 50 x VB Salts* : 20 ml 
Sterile agar : 15 g/910 ml 
Sterile 40% glucose : 50 ml 
Sterile histidine HCI.H2O : 10 ml 
Sterile 0.5 mM biotin : 6 ml 
Sterile ampicillin solution (8mg/ml 0.02M NaOH) : 3.15 ml 
Sterile tetracycline solution 
(8mg/ml 0.02 N HCl) 
For the preparation of plates, the above components 
were mixed with the molten agar. 
**Tetracycline was added only for use with TA102 which is 
/ 1 
tetracycline resistant. 
*Stock solution of VB salts (IX) was prepared using the 
following ingredients : 
MgS04.7H20 : 0.2 g 
Citric acid monohydrate : 2.0 g/1 
K2HPO4 (anhydrous) : 10.0 g/1 
NaHNH4PO_^.4H20 : 3.4 g/1 
The salts were added in the order indicated to warm 
distilled water and each salt was allowed to dissolve 
completely before adding the next. The solution was then 
autoclaved for 20 min at 121°C. 
Minimal Glucose Plates for Mutagenicity Assay 
Sterile VB salts : 20 ml 
3 9 
Sterile 40% glucose : 50 ml 
Sterile agar : 15 g/930 ml 
distilled water 
The above components were mixed with the molten agar 
and then 3 0 ml was poured over each plate. 
Top Agar for Mutagenicity Assay: The top agar contained 0.6% 
agar powder and 0.5% NaCl. 10 ml of sterile solution of 
0.5mM histidine. HCl/0.5mM biotin was added to the molten 
agar and mixed thoroughly by swirling. 
O.SmM Histidine/Biotin Solution for Mutagenicity Assay 
D-Biotin : 3 0.0 mg 
L-Histidine HCl : 24.0 mg 
Distilled water : 250.0 ml 
Firsr biotin was dissolved by heating the water to rhe 
boiling poinr. Then histidine was mixed to it and finally 
the solution was sterilized for 20 min at 121°C. 
Sg mix for Mutagenicity Assay: Sg (Livers of Sprague-Dawler 
rats. Arcclor^-^^ 1254-induced) mix was prepared by mixing 
(per 3.0 mi) srerile disrilled water. 1.185 ml; 0. 2M NADP. 
0.120 ml; IM glucose-6-phosphate. 0.015 ml: sterile 0. 4M 
MgCl^-l.c5M KCl salts. 0.060ml: Rat Liver Sg fracrion. 
0.120 ml (4o) . Sg mix was freshly prepared for each 
experiment. 
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Reagents and Buffers 
Alkaline SDS 
SDS 
NaOH 
1.0 % 
0.2 N 
Ammoniiom Acetate Solution 
Ammonium acetate 
Barrits Reagent 
Soln. A: Alpha-naphthol 
Ethanol (absolute) 
Soln. B: Potassium hydroxide 
Calcium Chloride Solution 
Calcium chloride 
Crystal Violet 
Crystal violet (85% dye content) 
Distilled water 
Decoloriser 
Ethanol (95%) 
Acetone 
0.1 M 
5.0 gm 
5.0 ml 
4 0 gm 
0.1 M 
1.0 gm 
100 ml 
250 ml 
250 ml 
Electrophoresis Buffer (Tris-acetate, pH S.O) 
Tris-Cl 
EDTA 
Acetic acid (glacial) 
Distilled water 
9.7 gn 
0.7 gm 
2.28 ni 
197 mi 
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Gram's Iodine 
Iodine crystals . i.o gm 
Potassium iodide . 2.0 gm 
Distilled water : 300 ml 
Kovac's Reagent 
p-Dimethyl amino-benzaldehyde : 5.0 gm 
Amyl alcohol : 75.0 mi 
HCl (concentrated) : 25.0 ml 
Lysis Buffer 
Tris-Cl (pH 8.0) 
EDTA : 2 5.0 mM 
Glucose : 10 mM 
Lysozyme : 2 mg/1 
Marker Dye 
Glycerol 
Bromophenol blue 
i 0 . 0 '5 
0.05s, 
EDTA : 40 mM 
Methyl Red Solution 
Methyl red : 0.1 gm 
Ethyl alconol ;95%) : 300 ml 
MgS04.7H20 solution (O.OIM): For all dilutions, O.OIM MgSO^ 
solution was used. 
4 2 
Reagent A 
TE buffer containing 5% dow corning antifoam RD emulsion. 
Reagent B 
1 M NaOH saturated at 20°C with SDS. Distilled water : 200 ml 
Safranin 
Safranin 0 (25% solution in 95% ethyl alcohol) : 10 ml 
Distilled water : 100 m.l 
Sodiiim Acetate Solution 
Sodium acetate : 3.0 M 
0.2 M Sodixim Phosphate Buffer (pH 7.4) 
NaH2P04.H20 : 13-3 g/500 n" 
Na^HPO^ : 4.2 g/500 ml 
The pH was adjusted to 7.4 and sterilized at 121°C for 20 min 
CHEMICALS 
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Chemicals 
Acetic acid 
Agarose 
Agar powder 
Ampicillin 
Ammonium acetate 
Antifoam RD emulsion 
Azide dextrose broth 
BamHI 
Butanol 
Calcium chloride 
Chloramphenicol 
Dipotassium phosphate 
EcoRI 
Ethylene diaminetetracetate 
Eosin methylene blue agar 
Glucose 
Glycerol 
Hindlll 
Kanamycin 
Lambda DNA 
Lysozyme 
MacConkey agar 
Source 
BDH, India 
Sigma, USA 
Hi-Media, India 
Ranbaxy, India 
Hi-Media, India 
Hopkins and Williams 
England 
Hi-Media, India 
Sigma, USA 
Sisco Laborarcries, India 
Sisco Laboratories, India 
Ranbaxy, India 
BDH, India 
Sigma, USA 
sd Fine Chemicals, India 
Hi-Media, India 
Hi-Media, India 
Hi-Media, India 
Sigma, USA 
Ranbaxy, India 
Sigma, USA 
Sisco Laboratories, I:;dia 
Hi-Media, India 
44 
MacConkey broth 
Magnesium sulphate 
Nutrient agar 
Nutrient broth 
Potassium acetate 
Potassium dihydrogen orthophosphate 
Pseudomonas isolation agar 
Sodium acetate 
Sodium acetate 
Sodium chloride 
Sodium hydroxide 
Sodium thiosulphate 
Simmons citrate agar 
SIM agar 
Sucrose 
Streptomycin 
Tetracycline 
Tris-Cl 
Triple sugar iron agar 
Trypticase soy brorh 
Hi-Media, India 
E. Merck, India 
Hi-Media, India 
Hi-Media, India 
City Chemicals Corpn., US^ 
BDH, India 
Hi-Media, India 
BDH, India 
Loba Chemicals, India 
BDH, India 
Sisco Laboratories, India 
sd Fine Chemicals, India 
Hi-Media, India 
Difco, USA 
Qualigens fine Chemicals, 
India 
IDPL, India 
Pfizer Ltd., India 
Sigma, USA 
Hi-Media, India 
Difco, USA 
Note: The chemicals which have not been included in this 
list were of analytical grade. 
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Collection of samples 
(i) Sewage Water Samples: Three each of the domestic 
(SWl, SW2 and SW3) and industrial (SW4, SW5, SW6) waste 
samples were collected from different locations in the 
industrial estate in the vicinity of Aligarh city (Table 1). 
One domestic sample was taken from a very far place beyond 
the periphery of the industrial estate (pure domestic waste 
sample) to serve as control. The sampling sites were 
severely affected by human and industrial activities. 
(ii) Soil Seunples: The soil samples were collected in 
sterilized polyethylene container with the help of 
sterilized spatula. The soil samples were also collected in 
the vicinity of industrial area (Table 1). 
Maintenance and Growth of Bacteria: Each strain of 
Salmonella typhimurium was streaked over master place. A 
single colony was picked up, grown in minimal mediun and 
repurified by streaking over fresh master plate. Likewise, 
each strain of E.coli was purified by streaked over nurriem: 
agar plates. The cultures were regularly tested on the oasis 
of associated generic markers raising it from a single 
colony from the master plates. Having satisfied with the 
test clone the culture was raised and streaked over T.mimal 
and nutrient agar slants. It was then allowed to groiv O-N at 
37°C and stored at 4°C. Every month cultures were 
46 
transferred over fresh slants with TA102 strain as an 
exception. It was transferred after every 15 days. Stabs 
were also prepared for longer storage. 
Overnight culture of ^. typhimurium strains were used 
as such for experiments. Overnight culture of E.coli were 
raised in nutrient broth at 37°C. The culture was diluted 
Q 
fifty times till the cell density reached to about 2 x 10 
viable counts per ml. Such exponential cultures were used in 
all the experiments. 
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Table 1. Collection of Sampling sites 
S. No. Test Samples Sources 
Wastewater Samples 
1- SWl Sewage water from municipal and industrial 
waste (non-point source). 
2. SW2 Sewage water from municipal and industrial 
waste (non-point source). 
3. SW3 Sewage water from domestic drain receiving 
industrial waste water (non-point source) 
4. SW4 Sewage water from drain receiving lock 
manufacturing wastes (point source). 
5. SW5 Sewage water from drains receiving lock 
manufacturing and plating industries 
wastes (point-source). 
6. SW6 Sewage water from drain receiving lock 
manufacturing and steel industries was-es 
(point source). 
Soil Samples 
7. SSI Agricultural field soil near industrial 
Area, Aligarh. 
8. SS2 Agricultural field soil near Aligarh 
drain, Aligarh. 
9. SS3 Agricultural field soil near Grand Trunk 
Road, Aligarh. 
10. SS4 Agricultural field soil near Mathura 
bypass, Aligarh. 
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Table 2. 
Strain 
Characteristics of E.coli and Pseudomonas strains used 
in the stxady 
Relevant genetic markers 
E.coli K-12 strains 
Source 
AB1157 
AB2463 
AB2494 
KL400 
KL403 
HBlOl 
C600 
SSI 
SWl 
SW2 
PSWl 
thi-1, arqE3, thr-1, leuB6. proA2, 
hisG4. lacYl. F , Str^ ^s 
recAl3, thi-1, arqE3. thr-1, leuB6, 
proA2, hisG4, F~, Str^, ^s 
lexA, thi-1, thr-1, leuB6, proA2, 
hisG4, metB, lacYl, F , Str , ^s 
thi-1, lex86, proC32, hisF860. 
Iac736, molA38, ara-14, mtl-1, 
xyl-5, StrA109, Spe-15 
polAl, ara-14, lex86, lac236, 
proCll, hisF860, thYA54, rpsE2115, 
rps^lOl, malA3 8, xyl-5, mtl-1, thi-1 
SupEli/ SupF58, Lsds20 (rb mb), 
recAll, ara-14, proA2, lacyl, galK2, 
rpsL2_0, xyl-5, mtl-1 
thr, leu 
E.coli and Pseudomonas Strains 
Ni-, Cd^ (E.coli isolate] Zn^, Pb^ 
Zn^, Pb^ 
Zn-, Pb-
Zn-" Pb^ 
thi, lac, A' 
Ni-^ , Cd^ (E.coli isolate) 
Ni', Cd^ (E.coli isolate] 
Ni-, Cd^ (Pseudononas 
isolate) 
Howard -
Flanders, P. 
Howard -
Flanders, P. 
Howard -
Flanders, P. 
Barbara, J.B, 
Barbara, 
Srivasrava, B.s. 
Thomas, R. 
This study 
This study 
This srudy 
This studv 
Table 3. Characteristics of Salmonella typhimurivim strains 
Strain Relevent genetic markers Source 
designation 
TA97a uvrB. hisD6610, bio, rfa, Ames,B.N. 
R-factor plasmid-pkMlOl, 
frame shift mutation at 
G-C site. 
TA98 uvrB, hisD3052, bio, rfa, Ames,B.N. 
R-factor plasmid-pkMlOl, 
frame shift mutation at 
G-C site. 
TAIOO uvrB, hisG46, bio, rfa, Ames,B.N. 
R-factcr plasmid-pkMlOl, 
base-pair substitution 
mutation at G-C site. 
TA102 rfa R-factor plasmid Ames,B.N. 
pkMlOl, multicopy 
plasmid-paQl containing 
hisG428 auxotrophic 
marker and Tet^, 
transition mutation at 
A-T site. 
TA104 uvrB, hisG428, rfa, Ames, B.N. 
R-factor plasmid-pKMlOl, 
transition mutation at 
A-T site. 
The srrains of lamoda phage used in the study are taoularea as 
under : 
Phage strain Description Source 
X c"^ Wild type strains. It forms turbid Thomas, R. 
plaques on all E. coli K-12 strains. 
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INTRODUCTION 
Domestic and industrial sewage as well as soil contains 
a variety of pollution indicator and pathogenic bacterial 
species. Qualitative and quantitative differences in these 
bacteria depend mostly on the two factors. First, the amount 
of antibiotics, heavy metals, detergents and radioactive 
substances which may be disposed to sewage and from sewage 
to soils; secondly, the environmental conditions, such as 
temperature, humidity and nutritional status. With 
increasing industrialization, pollution by heavy metals has 
posed a serious problem in water body because they exerr 
harmful effects on aquatic organisms (Forstner and Wirt-an, 
1979; De et aj,. , 1985; Sahana and Jana, 1985). Industries 
concerned with the production of alkali, plastics, coal. 
plating, lock manufacturing, tanning, fertilizer ere. are 
the chief sources of heavy metals such as Hg, Pb, As, 2u, 
Fe, Ni, Cd, and largely contribute to the water pollution ir. 
India (Sarkar and Jana, 1986). 
Application of sewage sludge on agricultural lands for 
increasing productivity has been a common practice in our 
country. The tendency of uptake of toxic metals ana 
metalloids present in the sludge by food crops and plants 
presumably posed a serious health hazard (Webber, 1972; Pike 
et al., 1975; Bhowal et al., 1987). 
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Aligarh being a major lock manufacturing city is 
supposed to spill tremendous amounts of heavy metals into 
sewage in the form of industrial effluents (Ajmal et a_l. , 
1980) , Such type of pollutants would not only exert profound 
effect upon the ecological status of the system (Forstner 
and Wittman, 1979; Vinikour et. aj,. , 1980; Moore and 
Ramamoorthy, 1984), the accidental or intentional connection 
of industrial effluents to the municipal sewage network may 
also create problems related to public health. 
This chapter deals with quantitative determination of 
heavy metals as well as microbial status of the sewage and 
soil in the neighborhood of Aligarh city in terms of TBC, 
TC, FC and FS. 
MATERIALS AND METHODS 
Collection of Samples 
The samples taken at random were collected thrice in 
each season from different locations in the vicinity of 
Aligarh city (Table 1, Chapter II). The seasons in the year 
were distributed as follows: Spring (March - April), Summer 
(May - June) Post: Monsoon (August - September) , Winrer 
(December - January). 
(i) Sewage Water Samples 
For bacteriological analysis the sewage samples were 
collected In 250 ni sterilized glass bottles and transferred 
to the laboratory immediately for initial processing. The 
elapsed time between the sample collection and initial 
processing did not exceed 3 hr. For metal analysis, the 
sewage samples were collected in polyethylene bottles 
previously washed with nitric acid and then rinsed with 
metal free water as described in standard methods (APHA, 
1985) . 
(ii) Soil Samples 
The soil samples were collected in sterilized 
containers with the help of sterilized spatula. The samples 
were taken at a depth of about 6 inch from the upper surface 
of soil. For metal analysis, the samples were collected in 
polyethylene packs. 
Metal Analysis 
Sewage Water Samples: 2 5 ml of sewage water was taken in i 
conical flask. It was digested by nirric:perchloric acid 
mixture as described in standard methods (APHA, 1985). 
Soil Samples: 1 gm of soil sample was taken in a conical 
flask. To this, 10 ml of nitric acid was added. It was 
placed on a hot plate for digestion. After 12 hr or" 
digestion, 5 ml of perchloric acid was added for complete 
digestion. Following cooling, it was filtered and the volume 
was made up to 100 ml with the double distilled water. 
Atomic Absorption Spectrophotometer Model 5000 was used 
for the determination of metals. All chemicals used were of 
analytical grade and solutions were prepared in double 
distilled water. 
Bacteriological Analysis 
Total bacterial count (TBC) was determined by the pour 
plate method (APHA, 1985) . Total Coliform (TC) , Fecal 
Coliform (FC) , and Fecal Streptococci (FS) were alsc 
estimated following the standard methods (APHA, 1985). MPN 
count from soil was done according to the method of Topping 
(1938) . The value of the test parameters at each site is the 
mean of three independent experiments carried out on the 
samples taken at random. 
RESULTS 
The atomic absorption spectrophotometric analysis of 
heavy metals in six different sampling sites are summarizea 
in table 1. The data indicate that significant levels of Fe, 
Cr, Zn, Pb, Ni and Cu metals were present in the sanplinc 
sites. The samples were found to be non-homogeneous vitn 
respect to their metal content. The amount of cadmium di:: 
not differ to a large extent in the sewage collecred ar 
different locations. Moreover, the concentrations of Fe and 
Zn were found to be highest in SW4, SW5 and SW6 locations. 
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As compared with sewage, the soil samples displayed 
lower concentrations of Cr, Cu, Zn, Ni, Fe and Pb. Cadmium 
was not found in the test soil samples (Table 2) . Moreover, 
the concentrations of Fe and Zn compared with other metals 
were also significantly high. 
The data presented in Fig. 1, 2 and 3 reflect the 
seasonal variation in domestic sewage water, industrial 
sewage and soils of the same area from March 1990 to January 
1993 (spring 90 - winter 1992-93). 
The highest TBC was observed at SWl location and that 
attained a maximum during the post monsoon season (92 x lo'^  
CFU/100 ml) . The minimum TBC was recorded at SW4 and SW5 
locations. Total coliform were also maximum at SWl location 
during post monsoon and spring seasons. Fecal coliform was 
maximum in post monsoon season, while fecal streptococci 
were found to be maximum in winter and in post monsoon 
seasons ar SWl location. Thus, the location SWl was recordea 
to be maximally polluted with bacterial flora as compared tc 
other locations. 
Soil samples for bacteriological analysis were also 
collecred from agricultural fields in the vicinity of 
indusrrial area. The results of analysis are presented in 
Fig. 3a - 3d. A remarkably higher TBC compared with sewage 
samples was invariably observed throughout the period of 
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study on all the locations. Total coliform were maximum in 
spring and summer seasons at SSI, SS2 and SS4 locations. As 
compared with sewage, the soil sampling sites displayed 
relatively lower count to the total coliform in all the 
seasons. Fecal coliform and Fecal streptococci counts in 
soil samples were also invariably low rather the lowest in 
all the test samples with respect to other bacterial counts. 
Bacterial counts were found to be lowest during post monsoon 
season in soils as compared to other seasons. 
DISCUSSION 
Our data on metal analysis shown in tables 1 and 2 give 
a clear picture of the contamination of the industrial 
sewage by a variety of heavy metals, some of which are 
considered to be toxic to the biological systens. The 
concentrations of Cr, Cu, Ni and Pb were comparable to those 
reported by earlier workers in different regions of tnis 
country (Ajmal et ai. , 1980; Bhowal et aj,. , 198"). The 
levels of Fe and Zn were found to be highest in all rhe 
sampling sites. This might be due to the strategic position 
of the area of our study namely the outskirts of Aligarn 
city which houses many lock manufacturing and plating 
industries and their effluents would essentially contain 
quite a large amount of these metals. 
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As compared with sewage, the soil samples contained low 
levels of heavy metals. Cd is not detected in all the four 
sampling sites (Table 2). The concentrations of these heavy 
metals is correlated well with the previous workers (Pace 
and DiGuilio, 1987; Yassogloyu et al. , 1987; Davis et al. , 
1988). 
The high concentration of Fe and Zn might be due to the 
application of the sewage water to soil for irrigation 
purposes, which is a common practice in our country for 
enhancing agricultural productivity. 
The total bacterial count was found to be renarkably 
high at all the locations of domestic sewage sampling 
compared with those of industrial sewage. This migh* be due 
to the presence of high concentration of metals which would 
be deleterious to the growth of microorganisms (Table 1, 
Forstner and Wittman, 1979; Jana and Bhattacharya, 19S3). 
The total bacterial density was found to be highest; during 
post monsoon and spring seasons. Reddy et aj^ . (1956) a_so 
found that bacterial population were maximum in sur^ -ner and 
spring seasons. Total coliform were found to be maxinui?, 
during post: monsoon, summer and spring seasons at all the 
locations. Fecal coliform were found to be maximur. during 
post monsoon and summer seasons while fecal srreptocccci 
were found to be maximum during spring and winter seasons. 
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Evison and James (1975) reported differences in survival 
pattern of fecal coliform and fecal streptococci depending 
on the temperature. They observed that fecal streptococci 
survive better than fecal coliform at low temperatures. Van-
Dosel et al. (1967) also observed higher counts of indicator 
bacteria in winter, autumn and spring seasons. However, 
certain studies indicated that enteric bacteria can also 
overcome the bactericidal effects of temperature if the 
environment is rich in nutrients (Bianon and Hazen, 1983; 
Lopez-Torres et aJ., 1987). Similar to the findings obtained 
with the sewage in the seasonal variarion, a comparatively 
lower total bacterial count in soil was found during post 
monsoon season (Fig. 3a -3d) . This mignt be largely due to 
the overflow of sewage carrying toxic metals and other 
undesirable substances during post monsoon season. 
Furthermore, the environmental factors like temperature, 
solar radiation, seasonal variability and concenrration of 
nutrients would also significantly contribute to such 
variation (Santo-Domingo et aj,. , 1989). 
In the present invesrigation, the average densities or 
total coliform, fecal coliform and fecal streptococci 
obviously including the rotal bacterial count in domestic 
sewage (SWl, SVJ2 and SW3) were found to be more than those 
in industrial sewage (SW4, SW5 and SW6 locations). This 
trend was also apparent though to a less extent in the soil 
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flora present in the vicinity of drains carrying industrial 
effluents which displayed low bacterial count compared with 
those having no access to the industrial effluents. This is 
quite obvious in natural system due to contamination of more 
animal and human excreta in the domestic sewage whereas 
industrial effluents in our system are expected to contain 
toxic heavy metals which would rather inhibit the growth and 
kill the bacteria at high concentrations. Jana and 
Bhattacharya (1988) studied the inhibitory effect of various 
heavy metals like Hg, Pb, Cu, Cd, As and Cr on the growth of 
fecal E.coli and demonstrated a gradual decline in its 
growth with the increase of exsposure time as well as 
concentration of metals. Moreover, several workers have 
reported that heavy metals introduced into the water nor 
only bring about several chemical changes and high degree of 
variation m metal concentration but also affect the entire 
ecosystem including the bacterial population (Forstner and 
Wittman, 1979; Vinikour et aj^. , 1980; Moore and Ramamoorthy, 
1984) . 
Our findings are suggestive of the idea that the 
variation in the bacterial population to a large extent is 
determined by physico-chemical status of the system vis-a-
vis the tolerance of the population against the undesirable 
agents. Moreover, decline in bacterial flora should be 
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viewed in the overall ecological status of the system, 
especially the chemical pollutants deleterious to the growth 
and survival of microorganisms might have remarkable 
contribution towards this phenomenon in the system adjacent 
to the industrial area. 
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Table 1. Concentrations Cmg/l) of Fe, Cr, Cd, 2n, Pb, Ni and Cu in Wastewaters Quantitated by 
Atomic Absorption Spectrophotometer 
Sample Hetals 
No. - -
Fe Cr Cd Zn Pb Ni CJ 
Mean Value Mean Value Mean Value Mean Value Mean Value Mean Value Mean value 
± SD ± SD ± SD ± SD ± SD ± SD i £3 
SW1 140 ±16 10 ± 1.75 1.0 ± 0.25 240 ± 3 9 34 ± 6.0 49 ± 11 16 i , 
SW2 170 ± 2 7 5 ± 1.5 1.0 ± 0.25 2100 ± 232 26 ±5.0 4 ± 2.0 0.3 t 3 
SW3 120 ± 23 5 ± 1 1.0 ± 0.5 860 ± 7 4 26 ± 3.0 5 ± 2.0 13 : u 
SW4 840 ± 106 70 ± 12 2.0 ± 0.5 2200 ± 262 39 ± 9.0 52 ± 14 2b z ^ 
SW5 4450 ± 546 95 ± 14 2.0 ± 0.5 2048 ± 196 110 ± 1 7 77 ± 13 18 r 39 
SU6 510 ± 9 6 75 ± 15 1.0 ± 0.5 1030 ± 101 19 ± 4.0 220 ±38 24 : "-
Pure 11.98 0.14 N.D. 8.69 2.53 2.89 •.: 
domestic 
waste 
SD = Standard deviation ND = Not detected 
61 
Table 2-. Concentrations (mg/kg) of Fe, Cr, Cd, Zn, Pb, Ni and Cu in Soils 
Sample 
SSI 
SS2 
SS3 
SS4 
No. 
Fe 
156.25 
96.8 
129.65 
148.25 
Cr 
12.5 
5.2 
6.3 
4.1 
Heavy 
Cd 
ND 
ND 
ND 
ND 
Metals 
Zn 
193.25 
106.3 
96.59 
123.39 
Pb 
12.9 
6.2 
5.3 
9.1-
Ni 
33.2 
4.6 
11.2 
8.3 
Cu 
23.5 
18.6 
11.9 
19.5 
ND = Not detected. 
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Table 3. Atomic Absorption Concentration Ranges with Direct Aspiration 
(Atomic Absorption of Standard Metals) 
Metals 
Cd 
Co 
Cr 
Cu 
Fe 
Mn 
Ni 
Pb 
Zn 
Characteristic 
Wavelength 
nm 
228.8 
240.7 
357.9 
324.7 
248.3 
279.5 
232.0 
283.3 
213.9 
Flame 
Gases 
A-Ac* 
•A-Ac 
A-Ac 
A-Ac 
A-Ac 
A-Ac 
A-Ac 
A-Ac 
A-Ac 
Detection 
Limit 
mg/1 
0.002 
0.03 
0.02 
0.01 
0.02 
0.01 
0.02 
0.05 
0.005 
Optimum 
Concentration Range 
mg/1 
0.05 - 2 
0.5 - 10 
0.2 - 10 
0.2 - 10 
0.3 - 10 
0.1 - 13 
0.3 - 10 
1.0 - 20 
0.05 - 2 
A-Ac = air - acetylene. 
Source:- APHA (1985) Standard Methods for the Examination of 
Water and Wastewater, 15th edn., Washington, D.C., 
APHA AWWA WPCF. p. 154. 
Fig. 1 Seasonal variation in bacteriological parameters 
at the three sampling sites of domestic sewage 
during the course of study 
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Fig. 2 Seasonal variation in bacteriological parameters 
at the three sampling sites of industrial sewage 
during the course of study 
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Fig. 3 Seasonal variation in bacteriological parameters 
at the four sampling sites of soils during the 
course of study 
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INTRODUCTION 
The mutagenicity of metals in bacteria has been known 
since the early 1950's (Demerec and Hanson, 1951). Sorae 
metals have been detected as genotoxins in suspension 
assay using B.subtilis (Nishioka, 1975; Kenematsu et al. , 
1980), and E. coli Lac I systems (Zakour and Glickin£in, 
1984). Binachi et al. (1983) showed that Cr(VI) was directly 
mutagenic in various strains of Salmonella typhimurium by 
the Ames test. Benicelli et aA. (1983) and Marzin and Ph_ 
(1985) reported that the strain TA102 was the most sensitive 
strain to the mutagenic action of Cr(VI) among the other 
Salmonella typhimurium strains used in the Ames assay. 
Recently Pagano and Zeiger (1992) reported thar cobalt 
chloride (Co"*""*") , ferrous sulphate (Fe^"^) , manganese 
sulphare (Mn^ ) , cadmium chloride (Cd ^) and zinc chloride-
(Zn"*""^ ) could be reproducibly detected as mutagens ir 
Salmonella strain TA97, when preincubation exposures '.ver^  
made in sterile distilled deionised water or in Hepes bufier 
in NaCl/KCl, rather than the standard sodium pnospnati 
buffer. 
Significant mutagenic activity has been detected in i 
variety of industrial wastewater effluents and sludge^ .-
(Pancorfco et. a_l. , 1987). Traditionally, the impact en ware: 
quality froin the discharge of toxic pollutants inro watoL 
resources has been evaluated by measurements of speciric 
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chemical p o l l u t a n t s or more commonly s u r r o g a t e chemical 
pa rame te r s in t h e d i s cha rge , A major drawback t o t h i s 
approach i s the need for complex a n a l y t i c a l techniques in 
t h e i d e n t i f i c a t i o n and q u a n t i f i c a t i o n of a l l of the 
po l lu t an t s of i n t e r e s t . Furthermore, r i s k est imation derived 
sole ly from the presence of spec i f i c p o l l u t a n t s requires 
de ta i l ed knowledge of the toxicologica l p rope r t i e s of each 
po l lu t an t both singly or in combinations. An a l te rna t ive 
approach to water qual i ty assessment involves the use of 
b io log ica l t e s t systems for determining the toxicological 
impact of i n d u s t r i a l and municipal d ischarges . 
The United S t a t e s Environmental P r o t e c t i o n Agency 
regula t ions (1980) s t a t e that waste cannot be applied to the 
s o i l unless i t i s rendered less hazardous or non hazardous 
by chemical or biological reac t ions in the s o i l (Donelley 
e t a l • , 1983) . A few s ludges have been analysed for 
pa thogens ( b a c t e r i a , v i r u s , p a r a s i t e s , heavy meta l s , 
p e s t i c i d e s , PCBs) and mutagenic a c t i v i t y , however, most 
sludges are not routinely tes ted for these agents (Belvins 
and Brennan, 1990). 
There is an urgent need to charac te r ize the mutagenic 
p o t e n t i a l of many, yet u n t e s t e d , i n d u s t r i a l wastewater 
e f f l u e n t s and of surface water i n t o which they are 
discharged. The present study focusses on the mutagenic 
a c t i v i t y , as determined by the Ames Salmonella mammalian 
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microsome test of industrial wastewater and soil filtrate, 
receiving from the lock manufacturing and plating 
industries. 
MATERIALS AND METHODS 
Industrial and domestic wastewater as well as soil 
samples were collected from different locations in the 
vicinity of Aligarh city (U.P.) India (Table 1, Chapter II). 
One domestic sewage sample was taken from a very far place 
beyond the periphery of the industrial estate (pure domestic 
waste sample) to serve as control. For mutagenicity assays 
the wastewater samples were collected in 250 ml sterilized 
glass bottles and samples were filtered by using 0.45 ur. 
membrane filter (Millipore, USA). 10 gm of soil were mixed 
with 90 ml of double distilled water and shaken vigo-rously 
for 10 min. After settling the soil particles tne 
supernatant were filtered firstly through ordinary filter 
paper and then with 0.45 iim membrane filter. 
Plate Incorporation Test 
The preincubation test was performed as described oy 
Maron and Ames (1983). Five doses of each wastewater, soil 
filtrate and heavy metal mixture were plated in duplicate 
with 0.1 ml of bacterial culture. The mixture was vortexed 
and incubated for 20 min at 37°C. Following incubation, 3.J 
ml molten soft agar was added and the mixture was plated on 
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glucose supplemented minimal media. The plates were 
incubated at 37°C for 48 hr. All the wastewaters, soil 
filtrates and metal mixture were also tested in the 
presence of (+SQ) microsomal fraction. Twenty microlitre of 
Sg liver homogenate per plate was added. A negative control 
with double distilled water and positive control with MMS 
were also run simultaneously. To study the cumulative effect 
of heavy metals, the metal mixtures were prepared equivalent 
to the quantities of individual metal existing in the 
industrial and domestic wastewaters and these were subjected 
to the Ames testing studies. 
RESULTS 
Reversion of Ames Tester Strains in the Presence of 
Wastewaters 
The dose-response relationship of the Ames tester 
strains m terms of histidine reversion brought about by the 
industrial and domestic waste samples both in the presence 
and absence of Sg fraction are shown in Fig. la - If. The 
wastewater samples displayed the maximum mutagenic activity 
with TA102 and TA104 strains both in the presence ana 
absence of Sg fraction. The test strains TA98 respondec 
compararively weakly to the test samples. The test samples 
exhibited increasing mutagenicity at lower doses (5 iJ.1 to 50 
al) but became lethal after attaining a peak value. 
The strains could be listed in order of th 
7 0 
eir 
sensitivity in the absence of Sg fraction in the domestic 
as well as industrial sewage water samples as follows: 
TA102 > TA104 > TA97a > TAIOO > TA98. 
The addition of Sg fraction invariably increase the 
number of revertants in the Ames tester strains. In the 
presence of Sg fraction the strains could be listed in order 
of their sensitivity in domestic waste samples as follows: 
TA104 > TA102 > TA97a > TAIOO > TA98. 
whereas, the order of sensitivity in the industrial 
waste samples in the presence of Sg fraction was as under: 
TA102 > TA104 > TA97a > TAIOO > TA98. 
Reversion of Ames Tester Strains in the Presence of Soil 
Filtrates 
The soil filtrates had no significant effec- upon the 
reversion of the Ames tester strains, both in the absence 
and presence of SQ fraction. Because there was nc change in 
the reversion pattern of Ames strains, the dara are nor 
shown. 
Reversion of Ames Tester Strains in the Presence of Heavv-
Metal Mixture 
Cerram heavy Tnerals have been derectcd in the test 
region ^Tabie 1 and 2, Chapter III), ive employed ail tihe 
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heavy metals in a solution at the concentrations equal to 
those observed in the test sewage water samples for the 
plate incorporation assay to have an idea about their 
cumulative effect on Ames tester strains. 
The histidine reversion pattern of the Ames tester 
strains with heavy metal mixture in the absence of Sg 
fraction is shown in Fig. 2a. The heavy metal mixture 
exhibited a significant level of mutagenicity with TA102 and 
TA104 strains at the very low dose level. Strain TA98 showed 
a poor mutagenic response as compared to the other strains. 
The higher doses of mixture in the absence of Sg fraction 
resulted decline in the reversion property with all the 
tester strains. 
These strains could be listed in order of decreasing 
level of metal induced mutagenesis in the absence o'f Sg 
fraction as follows: 
TA102 > TA104 > TAIOO > TA97a > TA98 . 
The addition of microsomal fraction further enhanced 
the mutagenicity of heavy metal mixture (Fig. 2b) . The 
strains could be listed in order of decreasing level of 
metal induced mutagenesis in the presence of Sg fraction as 
follows: 
TA102 > TA104 > TAIOO > TA97a > TA98. 
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DISCUSSION 
Although several short term mutagenicity testing 
systems have been developed during the last 15 years, the 
Ames Salmonella system is still recognized as the valid 
indicator of mutagenicity even today (Maron and Ames, 1983; 
Ashby and Tennant, 1988). However, it is always desirable 
to carry out a range of tests for a better understanding of 
the actual behaviour of the test samples (Maron and Ames, 
1983). Our results with the industrial wastewater indicate a 
remarkable level of mutagenicity, though the domestic waste 
was also found to be significantly mutagenic compared ro 
the pure domestic sewage sample (Fig. 1), presumably because 
of improper compartmentalization of different sewages. 
Earlier studies have also indicated the mutagenicity of 
industrial wastewaters (Commoner et al. , 1978; Andon et al., 
1986; Sanchez et al., 1988). Sanchez et al. (1988) haa 
analysed ten metallurgical wastes and they also found that a 
large percentage (60%) were mutagenic in either the 
Salmonella or E.coli WP^ fluctuation test. Commoner et al. 
(1978) tested the steel mill effluent and found rhat trie 
Salmonella strain TA153 8 was mutagenic. The maximum degree 
of mutagenicity of the test samples was observed with the 
Ames strains, TA102 and TA104. These strains contain A:T 
base pairs at the critical site of mutation with the 
difference of carrying on the multicopy plasmid or on the 
chromosome (Levin et a_L. , 1982). The addition of Sg further 
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enhanced the mutagenicity of wastewater (Fig. Id and If) . 
Schaeffer and Kerster (1985) also tested the raw wastewater 
from a coke plant in Salmonella assay and they found that 
the raw wastewater was mutagenic and the use of Sg 
dramatically enhanced the mutagenic response. 
Our soil samples have no significant effect upon the 
reversion of the Ames tester strains. This might be due to 
the absence of soluble mutagens present in soil filtrate. 
Fiedler (1988) also found that the soils were not mutagenic 
with Ames tester strains. 
The heavy metal mixture also exhibited a remarkable 
degree of mutagenicity with TA102 and TA104 strains. Wong 
(1988) also reported similar type of results with regard tc 
the strains. Benicelli et. a_l. (1983) demonstrated a 
remarkable sensitivity of TA102 to Cr(VI) compounds. Bmachi 
et ai. (1983) also showed that Cr(VI) was directly mutagenic 
in various strains of Salmonella typhimurium by the Ames 
test. Our results on TA102 confirmed those obtained by 
Marzin and Phi (1985) . It is well known that some of the 
metals are established carcinogens in man e.g. arsenic, 
nickel, and others are suspected carcinogens e.g. cadmiur, 
and lead (lARC, 1980). 
Previous work had suggested that the compounds 
responsible for mutagenicity of wastewaters were primarily 
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of industrial origin (Meier and Bishop, 1985). A number of 
previous studies have documented the presence of mutagens 
detectable by the Salmonella mutagenicity testing system in 
extracts of industrial and municipal wastewaters (Rappaport 
et ai-, 1979; Saxena and Schwartz, 1979; Tabor et al., 1985; 
Meier et ai-, 1987). This study not only confirms the idea 
of the origin of mutagens in the wastewater but also 
suggests the mutagenic hazard of metals in the untreated 
sewage water samples. 
Fig. 1 Dose-response effects of test wastewaters with Ames 
tester strains. Spontaneous revertants have been 
subtracted. 
(a) Pure domestic wastewater, -Sg 
(b) Pure domestic wastewater, +Sg 
(c) Domestic wastewater, -Sg 
(d) Domestic wastewater, +Sg 
(e) Industrial wastewater, -Sg 
(f) Industrial wastewater, +Sg. 
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Table 1. Relevant Genetic and Biochemical Markers of Ames Tester Strains 
Markers TA97Aa 
S T R A I N S 
TA98 I TAIOO I TA102 TA104 
1.Type of mutation 
2 . Locat_on of 
mutation m 
histidme gene 
3. Sxcision-reDair 
4. X.OSS or po^ysac-
char^ae ^ayer 
I (rfa) 
5. R-Factor p^asmia 
5. Base-pairs at 
the site of 
reversio"» 
^. Ant_ciot_c 
resistance 
3. Spontaneous 
reversion 
f req'-ency 
9. Replacement or 
tne strains 
Frameshift 
hisD6610 
/^uvrB 
rfa 
pkMlO: 
GC 
Amp" 
90-180 
TA1537 
Frameshift 
hisD3052 
AuvrB 
rfa 
DkMlOl 
GC 
Amp 
30-50 
TA1538 
Base-pair 
Substitu-
tion 
hisG46 
AuvrB 
rfa 
pkMlOl 
GC 
Amp" 
120-2CC 
TA1535 
Transition'Transit_cr 
hisG42B nLsG42-
uvrB Extra 
Proficient jvrB 
rfa rfa 
pkMlOl 
pAQl 
AT 
t - v M i o : 
AT 
hmp' ,Z:et^ A'-p^ 
2 4 0 - 3 2 0 ; 3 0 r ^ 5 
SlxMBOLS A - a e i e t i o n 
r e s i s t a n t 
T^tcy 
Chapter - V 
SURVIVAL OF E.coli K-12 
STRAINS AND LAMBDA PHAGE 
TREATED WITH WASTEWATERS 
INTRODUCTION 
Environmental contaminants by certain metal compounds 
bring about serious problems to human health including 
genetic hazards (Nishioka, 1975). Causal associations 
between certain metal compounds and human carcinogenesis as 
well as with experimentally induced tumors in animals have 
been indicated by a number of studies (Furst, 1977; 
Sunderman, 1978; 1979). One possible explanation for the 
molecular basis of these phenomena is that particular meta_. 
ions induce mutations during DNA replication. Infact a 
strong correlation has been shown between the metals that 
are carcinogenic and those which cause a decrease in the 
fidelity of DNA replication In vitro (Sirover and loeb, 
1976; Zakour et aJ. , 1981). Using procaryotic test systems, 
compounds of Fe, Cr, As, Mo, Pt and Se have been shewn to be 
mutagenic in one or more studies based upon the reversion ci 
mutations in Salmonella typhimurium or E.coli (Flessel ez 
al. , 1980) . Studies on living cells have shown that DNA 
damage affects physiological processes such as growth, 
division, transcription, cell death etc. and enhances the 
mutation and transformation processes ;Elkind and Whitnore, 
1967; Price and Makindon, 1973; Lohman and Bootsma, 1574). 
Various environmental agents have been shown to damage 
or modify the structure of the DNA. These include tne 
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physical agents, like ultraviolet light, non-physiological 
pH and temperature as well as certain chemical agents 
(Howard-Flanders, 1968; Witkin, 1976; Musarrat and Ahmad, 
1988; Qadri et aj. , 1992). Some inorganic metals have also 
been detected as genotoxins in various types of genotoxicity 
assays (Kanematsu et aj,. , 1980; Rossman et aj,. , 1984; Zakour 
and Glickman, 1984). The ability of an organism to survive 
in an environment specifically damaging to its DNA can be 
attributed to a variety of inherent repair mechanisms 
(Grossman et aj,. , 1975) . 
Among genotoxicity tests, DNA repair assays take a 
prominent position (Kerklaan et aj^ . , 1985). Several repair 
assays including those g. typhimurium repair systen, pel A 
repair system and E.coli K-12 repair systems have been 
employed by different workers (Slater et al^ . , 1971; Ames er 
al. , 1973a; Green et al. , 1976). These DNA repair tests 
estimate the extent of DNA damage to determine the nuragenic 
potential of a chemical based on the expression of SOS genes 
in treated bacterial cells. E.coli responds to DNA damage 
with the expression of a set of functions, usually rarmed as 
"SOS-response". Through the use of this system, it is 
possible to identify and partially characterize the rypes or 
damage caused by chemical or toxic environmental agents. 
80 
The study reported here was designed to estimate the 
extent of injury in E.coli and bacteriophage lambda brought 
about by the test water samples as well as by heavy metals. 
MATERIALS AND METHODS 
Bacteria, media, test samples and buffers are listed in 
chapter II. Relevant genetic markers associated with the 
strains are also given in Chapter II. Survival patterns of 
SOS defective E.coli strains and phage lambda were studied 
in the presence of test wastewater and soil samples as well 
as with heavy metals. 
The SOS defective E.coli strains and phage Ac~ were 
treated with that concentration of test samples at which m e 
peak (maximum mutation frequency) was observed in Ar.as 
testing, except where otherwise stated. All the media were 
freshly prepared. 
Treatment of E.coli K-12 with Wastewaters, Soil Filtrates 
and Heavy Metal Mixture 
The SOS defective mutants of E.coli K-12 as well as rhe 
isogenic wild-type strains were harvested by centrifugation 
from exponentially growing culture (1-3x10'' viac_e 
counts/ml). The pellets so obtained were suspended directly 
in 0.01 M MgSO. solution and treated with 50 ,iil per nl 
culture of the test sewage and soil samples, and 25 Lil/mi of 
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the heavy metal mixture separately. Aliquots were withdrawn 
at regular intervals, suitably diluted and plated to assay 
the colony forming ability. Plates were incubated overnight 
(0/N) at 37°C. Solvent as control was also run 
simultaneously. 
Extracellular Treatment of phage X c^ with the Test Samples 
Phage lambda stock was purified according to the method 
of Ahmad et ai. (1977), Purified phage lambda (10^ PFU/nl) 
was incubated at 37°C with 50 ^1/ml and 25 jul/ml of test 
samples. Aliquots of 0.1 ml were withdrawn at regular 
intervals, suitably diluted in 0.01 M MgSO^ buffer of pH S.O 
and allowed to adsorb on radiation sensitive and wild type 
host strains at 37°C. The infective centres were plated on 
nutrient agar by the double layer method. Plaques were 
counted after overnight incubation of the plates at 37°C. 
Intracellular Treatment of Phage Xc with the Test Samples 
Bacreria were harvested from exponentially growing 
culture and suspended in MgSO_^  dilution buffer. Infective 
centres were prepared by adsorbing lambda phage particles at 
high multiplicity of infection (5:1) to bacteria (2 x L3° 
cells/ml) . The complexes were then treated with sewage 
water, soil and heavy metals at the dose described elsewhere 
at 37=C. Aliquots were withdrawn at regular intervals, 
suitably diluted and plated with 0.3 ml of the C500 cells 
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with 3 ml soft agar by. double layer method. Plaque forming 
units (PFU) were scored after overnight incubation of plates 
at 37°C. 
RESULTS 
Survival of E.coli K-12 Strains with Wastewaters and Soil 
The survival pattern of recA, lexA and polA mutants of 
E.coli in the presence of wastewater samples is shown in Fig 
la - Ic. The damage brought about in the cell in the 
presence of industrial sewage water was found to be 
remarkably high as compared to domestic sewage. 
All the mutants invariably exhibited a decline in their 
colony forming units (CFU) compared with their v/ild-type 
counrerparts. The lexA mutant exhibited significantly lov.er 
survival than recA mutant. Soil filtrate had no effect on 
the survival of DNA repair defective E.coli strains. 
Survival of E.coli K-12 Strains Treated with Heavy Metal 
Mixture 
Fig. 2 shows the pattern of the survival with the heavy 
metal mixture supposed to be present in the sewage water of 
Aligarh City. All the radio-sensitive mutants invariably 
exhibited a significant decline in their colony forming 
ability compared with their wild-type counterparts. The lexA 
and polA mutants were more sensitive than the recA mutant. 
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Survival of Phage \ c"*" with the Wastewater 
Extracellular treatment to A c"^  with the industrial 
wastewater at a dose of 50 lil/ml resulted in the significant 
loss of plague forming units (Fig. 3). The decline was more 
pronounced in lexA and polA mutants, while extracellular 
treatment to "Xc with domestic sewage had no significant 
effect on plaque forming units. Extracellular exposures of 
Xc to soil filtrate had also no effect on plaque forming 
ability. 
Extracellular Treatment of Phage X^ with Heavy Metal 
Mixture 
Extracellular treatment of phage X c with heavy metal 
mixture resulted in the significant decline in their plaque 
forming units (Fig. 4) . The strains lexA and polA were 
remarkably sensitive to the treatment as compared to their 
isogenic wild-type counterparts. 
Intracellular Treatment of phage X c^ with Wastewater and 
Heavy Metal Mixture 
Intracellular treatment to lambda phage with 
wastewaters and heavy metal mixture also resulted in ~he 
loss of PFU. There was more decline in PFU in Ac' complexes 
with recA, lexA and poIA mutants compared with the wild-type 
strains (Fig. 5 and 6) . However, the soil filtrate nad no 
e ffect on the intracellular treatment of phage Ac . Because 
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there was no effect of soil filtrate on E.coli and phage 
Ac , the data were not shown. 
DISCUSSION 
Ultraviolet light, ionizing radiations and various 
environmental chemicals induce DNA damage. This generic 
damage is eliminated by three different major repair 
pathways (viz. excision, error prone and double strand 
breaks) . When all the pathways are operative, the repair 
capacity is tremendous. On the contrary, when all rhe 
pathways are blocked and the cellular DNA is lefr 
unrepaired, it can result in cell death, mutation and 
neoplastic transformation (Zimmerman and Taylor-Mayor, 
1985) . 
It is always desirable to carry out a range of teszs, 
for a better understanding of the actual behaviour of rhe 
test samples (Maron and Ames, 1983). We have, therefore, 
employed three test systems to estimate the muragenic 
potential of the samples, i) Ames test, ii) survival of DNA 
repair defective E.coli strains, and iii) survival of phage 
lambda. 
It is postulated that inducible error prone repair 
pathway presumably involving the recA and lexA genes could 
potentially operate upon several types of lesions in DNA 
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whether produced by radiation or other agents (Walker, 1985; 
Musarrat and Ahmad, 1988; Strauss, 1989; Qadri e^ al. , 
1992). The recA, lexA and polA mutants of E.coli were found 
to be highly sensitive to industrial wastewater thereby 
suggesting the damage to the DNA of the exposed cells as 
well as the role of recA"^, lexA"^  and polA"*" genes to cope 
with the hazardous effect of the pollutants. The domestic 
sewage was also found to be weakly genotoxic presumably 
because of the improper compartmentalization of different 
sewages. These genes are believed to initiate the SOS 
response (Witkin, 1976; Walker, 1985). Kanematsu et al. 
(1980) reported the genotoxicity of certain metal ions in 
suspension assay using B.subtilis, while Zakour and Glickman 
(1984) used the E.coli Lac I system and Rossman et al. 
(1984) employed the lambda prophage induction test. 
Arlauskas et. aJ. (1985) also demonstrated the genotoxic 
effect of certain metals based upon the E.coli fluctuation 
assay. 
As compared with domestic sewage, the industrial sewage 
water showed a higher sensitivity to E.coli towards lexA and 
polA mutants compared with their isogenic wild-type 
counterparts. Domestic sewage was also found to be genotoxic 
to these strains to a lesser extent, whereas, soil filtrate 
had no effect on the survival of these E.coli mutants. A 
number of studies have been reported on the genotoxicity of 
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industrial as well as domestic wastewaters (Somashekar and 
Arekal, 1983; Meier et ai. , 1987; Sanchez et al., 1988). 
Somashekar and Arekal (1983) found that pollutants present 
in electroplating wastewater, induced chromosome aberration 
in plants growing in varying concentration of the 
wastewater. They also concluded that heavy metal-complex and 
cyanides were responsible for the observed effects. 
The survival of lambda was unaffected on the 
extracellular treatment with the domestic waste and soil 
filtrate. It seems likely that treatment to lambda with 
domestic sewage and soil filtrate was mild enough for the 
damage of lambda protein as well as its DNA. Since the 
treated phage was allowed to infect on its host, it is also 
possible that microlesions in DNA, if any, might have been 
repaired inside the normal host. On the other hand, 
intracellular treatment to phage DNA with domestic sewage 
resulted in the loss of plaque forming units (PFU) 
indicating thereby a major damage in the metabolic machinery 
of host bacterium which in turn, affected the vegetative 
multiplication of phage (Fig. 5a). 
Industrial sewage and heavy metal mixture treatment to 
phage lambda (both extracellularly and intracellularly) 
resulted in the significant loss of plaque forming units 
(PFU) as compared to domestic sewage (Fig. 5 and 6) . Houk 
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and DeMarini (1988) also tested the crude wastes in E.coli 
for the induction of prophage, they found that out of 11, 8 
promoted induction and thus indicating the DNA damage. 
The industrial sewage water and heavy metal mixture 
treatments to E.coli resulted in relatively higher 
sensitivity of lexA and polA mutants compared with their 
wild-type counterparts. These results, to a large extent, 
support our Ames testing studies (Fig 1 and 2, Chapter IV). 
These experiments alongwith the elevated mutagenic 
response with Salmonella strains (Chapter IV) confirm the 
validity of these short term assays for evaluating the 
genotoxic activity of sewage samples and heavy metals. 
Although Salmonella reversion tests and E.coli DNA repair 
tests have different genetic end points, in many cases, the 
reversion tests has proven to be superior for compounds 
requiring metabolic activation (De Flora et aj^. , 1984) while 
DNA repair tests are superior for direct acting agents. 
Our results are consistent with the idea that the test 
samples initiate the SOS-response and thus bring about the 
mutation in bacterial DNA. The DNA damage and mutation with 
the SOS-like response brought about by mutagenic samples 
might also play an important role in neoplastic 
transformation in the higher system. 
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Chapter - VI 
HEAVY METAL RESISTANCE, 
R-PLASMID ISOLATION AND 
CHARACTERIZATION 
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INTRODUCTION 
Heavy metal resistance in bacteria is frequently 
coded by genes that are located on plasmids, and transposons 
and is often transferable intergenerically, interspecially 
and also from in situ microflora to indigenous microflora 
(Datta and Hedges, 1972; Smith, 1978; Bale et al-/ 1988; Rani 
and Mahadevan, 1993; Silva and Hoffer, 1993). Moreover, the 
metal resistance is often associated with resistance to 
single or multiple drugs (Hall, 1970; Foster, 1983; Grewal 
and Tiwari, 1990), phenolic compounds (Pickup et aJ. , 1983) 
and pesticides (Don and Pamberton, 1981) . 
The concentration of metal pollutants in the 
environment is usually low excepting in specific areas which 
are polluted by various hospital and industrial wastes. 
However, unpolluted environments may also harbour metal 
resistant organisms or organisms that readily adapt to high 
concentrations of metals. The incidence of plasmid bearing 
strains was found to be high in polluted sites than in the 
unpolluted region (Hada and Sizemore, 1981; Baya et al. , 
1986). 
Both gram +ve and gram -ve bacteria can resist heavy 
metals (Foster, 1983; Silver and Misra, 1988; Silver, 1992) 
The incidence of plasmid in bacterial isolates from aquatic 
environment has been the subject of a number of studies 
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(Burton et al. , 1982; Kobori et aJ. , 1984; Baya et al. , 
1986). Despite the wide spread existence of plasmid DNA in 
environmental isolates most of them remain cryptic. 
In India, about 180 tonnes of mercury salts are 
discharged annually. No precise estimate is available for 
other metals but the quantity is fairly high. Very little 
work seems to have been carried out in India on the 
occurrence and distribution of heterotrophic bacteria (Rani 
and Mahadevan, 1993). In fact, there is no information 
available on metal resistant bacteria in sewage water and 
soils of Aligarh City. 
The present study has been undertaken to investigate 
the patterns of resistance developed by E.coli and 
Pseudomonas sp. against heavy metals, and to envisage the 
role of plasmids in mediating such resistance. 
MATERIALS AND METHODS 
Isolation and Characterization of E.coli and Pseudomonas sp. 
from Sewage Water and Soils 
The isolation of E.coli was done according to the 
standard methods (APHA, 1985). Ten ml aliquots were taken 
in double strength MacConkey's broth and incubated at 3 7°C 
for 24 hr. The samples indicating acid and gas production 
were spread on eosin methylene blue agar (EMB) plates and 
incubated at 37°C for 24 hr. Some colonies were small 
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showing green metallic sheen. These colonies were picked up 
and grown individually in nutrient broth at 37°C for 12 to 
16 hr (Martin and Washington, 1980; Konenman et al,. , 1987). 
The isolation of Pseudomonas sp. was done according to 
the methods described in Microbiological Methods and 
Diagnostic Microbiology (Collins and Lyne, 1987; Konenman 
et al., 1987). 
Ten gram of soil in a conical flask was taken and 
suspended in 90 ml normal saline solution or sterile 
distilled water. The soil samples were homogenized in a 
waring blender, and 0.1 ml of the supernatants were plated 
and incubated at 37°C for 12 to 16 hr. The suspected 
colonies were picked up and subcultured on different 
selective media for the isolation of pure cultures of E.coli 
and Pseudomonas sp. (Collins and Lyne, 1987). 
Biochemical Reactions 
The isolated E.coli and Pseudomonas sp. were finally 
identified on the basis of their biochemical properries and 
enzymatic reactions in the presence of specific substrates 
(Cappucino and Sherman, 1987). 
Determination of Minimum Inhibitory Concentrations (MIC) 
The MIC of metal for each isolate was determined by 
plate dilution method as adopted by Summers and Silver 
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(1972) and Ahmad and Yadava (1988). The metals Cd, Pb, Zn 
and Ni were used as CdCl2, (CH3COO)2Pb, ZnCl2 and NiS04.H20, 
in varying concentration from 1.56 to 6400 /ig/ml and were 
supplemented in sterilized nutrient agar which were then 
spot inoculated, with approximtely 3 x 10 organisms with 
the help of platinum loop. The plates were incubated at 37°C 
for 2 4 hr. The concentration of metal which permitted growth 
and beyond which there was no growth was considered as MIC 
of the metals against the strains tested. AB1157 and C600 
strains of E.coli K-12 were used as a negative control. 
Isolation of Plasmids 
Plasmids were routinely isolated from E.coli and 
Pseudomonas sp. from soil and water. The modified miniprep 
method was followed as described by Birnboim and Doly 
(1979). 
Determination of Molecular Weight 
The size estimates of the isolated plasmids were 
obtained by comparing their relative nobilties on agarose 
gel with standard molecular markers using lambda DNA 
fragments. The standard curve was drawn by plotting relative 
mobility Vs log of the molecular weight of the standard 
markers. The molecular weight of the unknown plasmids was 
determined by plotting the relative mobility on the standard 
curve (Ohman, 1988) . 
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Agarose Gel Electrophoresis 
The isolated plasmids were characterized by agarose 
gel electrophoresis according to the standard procedure of 
Maniatis et ai. (1982) . About 15 to 20 /il DNA samples 
alongwith glycerol dye mixture (50% glycerol, 0.25% 
bromophenol blue) were applied on the slots. Horizontal slab 
gel electrophoresis was carried out using 0.8% agarose. The 
gel was pre-electrophoresed at 40 mA for 20 min and the 
normal run was performed at 20 mA in electrophoresis buffer 
(4 mM Tris-acetate, 2 mM EDTA, pH 8.0) for 3 to 4 hr. The 
DNA bands were stained with ethidium bromide and fluorescent 
profile was photographed by UV illumination through 
photodyne UV 3 00 transilluminator. 
Plasmid Transfer 
Conjugation: Standard method of conjugation was followed 
employing the test E.coli and Pseudomonas sp. strains as 
donor and the recipient AB1157 strain (Ohman, 1988). 
Overnight cultures of recipient and donor strains were added 
to fresh nutrient broth and incubated at 37°C for 30 nin, 60 
min and 120 min respectively. For control, the parental 
culture alone was added to fresh nutrient broth and 
incubated at 37°C. These cultures were serially diluted and 
spread on plain and metal supplemented plates. 
The selection was done on the basis of appearance of 
y 0 
plasmidial markers alongwith the original markers of the 
parent recipient strains. The AB1157 strain is lac~ mutant 
and also lacking resistance markers except for streptomycin. 
Transformation: The transfer of R-plasmids to recipient 
E.coli HB 101 cells was also studied through transformation 
following the method of Lederberg and Cohen (1974). The 
overnight grown HBlOl cells were reinoculated into 100 ml 
nutrient broth and allowed to grow with vigorous shaking 
(250-300 r.p.m. in a rotary shaker) at 37°C for about 3 hr 
to reach the O.D.gQQ to 0.2-0.3. The cells were made 
competent by suspending in ice-chilled 50 mM CaCl2 and 10 mM 
Tris-Cl for 30 min. The cells were recovered and resuspended 
in 2 ml of ice cold 50 mM CaCl2 and 10 mM Tris-Cl. To 200 /xl 
competent cells, 2.0 ^JLq^a of plasmid DNA was added and left 
on ice for 30 min. Heat shock was given to these cells at 
42 °C for 2 min. These cells were then allowed to grow in 
nutrient broth for 1 hr at 37°C. The cells were spread on 
the metal supplemented plates after suitable dilutions. The 
plates were incubated at 37°C for 16 hr. 
Plasmid Curing 
The curing of R-plasmids was performed by the method 
described by Hirota (1960) and Hardman e^ a_l- (1936). 
Overnight culture of E.coli and Pseudomonas sp. were grown 
in the nutrient broth in the presence of curing agent 
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(ethidium bromide) at concentrations ranging from 0.5 to 100 
jigm/ml. A control tube lacking the curing agent was also 
included. All the tubes were incubated overnight at 37°C. 
Content of the tubes were then plated, after making required 
dilution on metal supplemented and plain nutrient agar 
plates. The plates were incubated at 37 °C overnight. The 
number of colonies appeared on the plates were then 
recorded. The number of colonies on the metal supplemented 
plate was subtracted from those on the plain plate i.e. 
The number of cured cells = No. of colonies on the 
plain plate at a specific concentration - No. of colonies on 
the metal supplemented plate at the same concentration. 
To study the effect of time on the curing of plasnid 
harbouring E.coli and Pseudomonas strains, 5 ^gm/ml ethidium 
bromide treated cultures were incubated at different time 
intervals ranging from 0 hr to 10 hr of incubation. A 
control without curing agent was also run simultaneously. 
Samples were withdrawn at regular intervals suitably diluted 
and plated on plain and metal supplemented plates to assay 
the colony forming ability. The colonies on the plates were 
counted and percent curing was calculated at each time 
point. 
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RESULTS 
A total of 150 E.coli isolates from sewage was tested 
for resistance against certain heavy metals e.g. Pb"^ "*", Ni"*""*", 
Cd"^ "^ , Pb"*""*". 70.6% of the strains were resistant to Pb"^ "^ , out 
of which 17.6% of the strains showing MIC of 3200 j^gm/ml, 
whereas 78.6% of E.coli isolates exhibited resistance to 
Cd"^ "^ , 63.3% to Ni"^ "^  and 75.5% to Zn"*""^ . The highest MIC of 
3200 /igm/ml was observed for these metals (Table 1) . 
Table 2 describes the resistance to various metals and 
MIC value in E.coli strains isolated from soil. 66% of the 
E. coli strains from soil were resistant to Pb , whereas 
67.6%, 62.3%, 57.6 % of the E.coli strains were resistant to 
Cd"*""^, Ni"^", and Zn"^ "^  respectively. The highest MIC of 3200 
/igm/ml was also observed for these isolates (Table 2). 
Table 3 shows the incidence of resistance and MIC value 
of Pseudomonas sp. isolated from sewage water. 88% of the 
isolates were resistant to Pb"*"*", whereas 96%, 76%, 80% of 
strains were resistant to Ni"^ "*", Cd"^ "^  and Zn"^"*" respectively. 
Relatively higher MIC of 4800 iJ.qm/ml were observed against 
Zn"^ "^  (13%) and Pb*"^  (3%) . Table 4 summarizes the incidence 
of resistance and minimum inhibitory concentrations of 100 
Pseudomonas sp. isolated from soil. 86% of the soil 
Pseudomon as isolates were resistant to Pb "*", 72% were 
cadmium resistant, 88% nickel resistant and 67% zinc 
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resistant strains. A highest MIC of 4800 /igm/ml was observed 
in 8% of the Pb'*""^ -resistant and 13% of the Zn"'""'"-resistant 
strains of Pseudomonas sp. from soil. 
Although the aforementioned parameters strongly 
suggested for the presence of plasmids, yet a direct 
experiment was required. All the aforementioned E.coli and 
Pseudomonas sp. were found to harbour plasmids based on the 
agarose gel electrophoresis. Fig. 1 shows the Agarose gel 
electrophoretic profiles of plasmid DNA isolated from six 
distinct E.coli isolates from sewage water. Some of tne 
strains showed multiple copies of plasmids (Fig. 1). 
Fig. 2 shows the agarose gel electrophoretic profiles 
of the plasmid DNA isolated from Pseudomonas sp. from sewage 
water. Fig. 3 shows the agarose gel electrophoretic pattern 
of the plasmid DNA from Pseudomonas sp. from soil. Fig. 4 
and 5 show the agarose gel electrophoretic profiles of tne 
plasmid DNA from E.coli isolates treated with EccRI and 
Hmdlll restriction enzymes respectively. Fig. 6 shows tne 
agarose gel electrophoretic pattern of the plasmid DNA from 
Pseudomonas sp. from sewage water treated with Hindlll 
restriction enzyme. Fig. 7 shows the plasmids profiles ot 
SWl isolates treated with restriction enzymes, EcoRI, 
Hindlll, and BamHI. 
102 
Transformation 
To ascertain whether the resistance in the 
aforementioned E.coli and Pseudomonas strains was a plasmid 
mediated character, the transformation of E.coli HBlOl with 
R-plasmids isolated from these strains was performed 
employing four samples. The transformation frequency with 
the four R-plasmid pSWl, pSSl, pPSWl, pPSW2, was calculated 
to be 9.7 X 10"'^, 6.2 x lO"^, 6,3 x 10"-^  and 9.8 x 0"-^  
respectively based on the appearance of resistance markers 
on the transformants (Table 5). 
Fig. 8 shows the plasmid DNA profiles digested with 
various restriction enzymes on agarose gel isolated from an 
E.coli HBlOl transformants. This transformant was obtained 
with pSWl plasmid isolated from a test E.coli strain. 
Plasmid Curing 
Further confirmation in favour of the plasmid mediated 
resistance character was carried out by means of curing 
experiment. For this purpose, we put to test certain E.coli 
and Pseudomonas strains isolated from sewage and soil. Fig. 
9 shows the pattern of percent curing Vs ethidium bror.ide 
concentration. Curing was observed at the minimum 
concentration of 0.5 /igm/ml and increased with increasing 
concentrations of ethidium bromide. A maximum curing of 
76.5% was observed at the concentration of 80 /xgm/ml of 
ethidium bromide. 
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Fig. 10 shows the time course of curing with ethidium 
bromide. Five percent curing was observed after 2 hr 
incubation in nutrient broth treated with 5 /xgrn/ml of 
ethidium bromide in one of the E.coli strains from soil. The 
maximum (56%) curing was observed in E.coli SWl strain after 
10 hr of treatment with ethidium bromide of the culture. 
Conjugation 
Table 6 summarizes the conjugative potential of the 
test E.coli strains. E.coli SWl demonstrated 68.6% of 
conjugation when mated for 120 min with recipient E.coli 
AB1157 strain. The E.coli SSI and SW2 exhibited 57.2% and 
69.3% mating respectively under the same experimental 
conditions. 
Molecular Weight of R-plasmids 
Fig. 7 shows the relative mobility of R-plasmids on 
agarose gel, treated with restriction enzymes, EcoRI, 
Hindlll and BamHI along with the marker DNAs of known 
molecular weight. The molecular weight of the plasmid 
isolated from the E. coli SWl strain was found to be 29 kb 
on the basis of restriction mapping. The molecular weight of 
the plasmid was calculated on the basis of calibration curve 
(Fig. 11). 
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DISCUSSION 
Almost all E.coli and Pseudomonas sp. from sewage water 
and soils were multiply resistant to heavy metals. Present 
investigation indicated that 70.6% of the E.coli strains 
were resistant to Pb"*""*", whereas 78.5% of the isolates 
exhibited resistance to Cd'*'"*', 63.3% to Ni"^ "*", and 75.5% to 
Zn"^ "*". Nakahara and Yonekura (1987) found the frequency of 
metal resistance in the aquatic E.coli isolates to be 74% 
for Cd"^ "^  and 84% for As"^ "^ "^ . 
In the present study, E.coli and Pseudomonas sp. 
isolated from sewage and soil were also tested for 
resistance against four heavy metals i.e. Pb, Cd, Zn and Ni. 
A majority of E.coli and Pseudomonas isolates from sewage 
and soils was showing iMIC of more than 200 nqm/ml to these 
metals. Further, MIC values upto 3200 /igm/ml and 4800 ugm/ml 
were recorded for E.coli and Pseudomonas strainsrespectively 
both for Pfa"^ "^  and Zn"*""^  (Table 1-4). These MICs are 
exceprionally high as compared to previous studies Summers 
and Silver, 1972; Austin et aj,. , 1977; Marques et al. , 1979; 
Horitsu et a_l. , 1986). Horitsu et aa. (1986) reported the 
E. coli strains resistant to as high concentration cf Cd"^ "^ , 
Pb"*""*" and n^""^  as 1283 /igm/ml, 650 /igm/ml and 322 /igm/ml 
respectively. 
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The Pseudomonas strains isolated from sewage and soil 
showed MIC of 4800 Mgm/ml to Pb"^ "^  AND Zn"^ "^ . Rani and 
Mahadevan (1993) isolated a Pseudomonas MRI strain from 
coastal waters of Bay of Bengal and found this strain 
growing well in the presence of 20 iigra/ml of CdCl2, 100 
Hqra/ml of (CH3COO)2 Pb and the 100 /jgm/ml of ZnSO^. Bhagat 
and Srivastava (1991) also isolated some Zn"^"*" resistant 
strains of Pseudomonas stutzeri RS34 from an industrially 
polluted area which were simultaneously resistant to other 
heavy metals. 
In our study, most of the test bacteria displaying the 
highest MIC had been isolated from industrially polluted 
area. This night be due to the strategic position of the 
area of our study which houses many metals industries and 
their effluents actually contain a large amount of these 
metals (Table 1 and 2, Chapter III). 
According to some authors, the emergence of metal 
resistance could have been due to the exposure of these 
toxic metals to human and animals (Allen et al,. , 1977; Clark 
et al. , 1977; Dutta et aj,. , 1980). However, such a 
possibility is not feasible in our case because the 
tolerance limits in human and animals for Cd"^ "^ , Pb^ "*" and 
Zn"*""^  have been reported to be 0.005 jLigm/ml, 0.05 /igm/ml and 
5.0 yugm/ml respectively. The levels exceeding these values 
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are not expected to be present in animal and host (WHO, 
198 5). On the other hand, several authors have also reported 
that bacterial resistance to heavy metals seems to be 
directly related to the presence of these elements as 
environmental pollutants (Tymoney et aJ. , 1978; Duxbury and 
Bicknell, 1983; Khesin and Karasyova, 1984; Nies, 1992). 
To ascertain whether or not the resistance was plasmid 
mediated, we screened certain multiple resistant strains for 
the presence of plasmids (Fig.1-3). Our findings were almost 
similar to those of Vakulenko and coworkers who found that 
93% of the resistant E.coli strains were carrying plasmids 
(Vakulenko et al., 1980). 
To provide evidence if the resistance markers were 
actually on the plasmid DNA, we carried out the 
transformation experiment employing plasmids isolated from 
the test E.coli and Pseudomonas strains. The expression of 
resistance markers in all the transformants suggested that 
the metal resistance was plasmid mediated. The 
transformation frequency obtained with recipient strain i.e. 
E.coli HBlOl (Table 5) was comparable to that obtained by 
Bopp et al. (1983). They found that E.coli, P.putida and 
P.fluorescens strains could be transformed with P.putida 
derived RP^ plasmid DNA at frequencies ranging from 1.8 x 
10"-^  to 3.5 X 10~^ transformants per recipient. 
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The final proof in favour of the presence of R-plasmids 
in the test E.coli strains was provided through the curing 
experiments. A significant fraction of test strain was found 
to lose the test resistance markers in the presence of 
curing agent i.e. ethidium bromide (Fig. 9 and 10). Our 
results of curing with ethidium bromide were even better 
than those obtained by El-Syed and his coworkers (1988) in 
case of clinical isolatesof E.coli. 
The test E.coli strains were able to transfer some of 
the resistance markers to standard E.coli recipient strain 
by conjugation (Table 6) . Moreover, the percent conjugation 
was higher than those observed by Bell er aj,. (1980) in 
fecal coliform isolated from sewage effluents, and coincides 
with the results obtained by Genthner et al. (1983) in 
aquatic gram -ve bacteria. This transfer of multiple 
resistance markers strongly suggests that the metal 
resistance is plasraid mediated (Summers, 1986; Rani and 
Mahadevan, 1989) . 
Several workers have demonstrated the transfer cf 
plasnids through conjugation in various systems including 
the soil, water and other environmental conditions .Trevors 
and Oddie, 1986; Trevors and Starodub, 1987). 
We had performed our conjugation experiment in liquid 
which might not be a better environment as compared to solid 
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media. Since Genthner et al. (1988) demonstrated that the 
conjugation was much efficient on solid media rather than in 
liquid media in case of aquatic Gram -ve organisms. 
Hada and Sizemore (1981) and Baya et, aj,. (1986) 
suggested that the incidence of plasmid bearing strains is 
more in polluted site than in the unpolluted zone. The 
incidence of high metal resistant population in E.coli and 
Pseudomonas sp. from sewage and soil, suggest the 
possibility of increasing environmental pollution to these 
metallic salts. 
In conclusion, we can suggest that the soil and sewage 
system in the vicinity of Aligarh city is heavily polluted 
with several types of toxic metals. One soothing aspects of 
the problem however, is the high incidence of metal 
resistant bacteria which would some how detoxify metallic 
pollutants and thus can serve as natural purifier to the 
toxicity produced by the test metals i.e. Pb"*"*", Cd"*"^ , Zn"*"*", 
Ni++. 
Table 1 . MIC P a t t e r n of 150 E . co l i I so l a tes from Sewage Uater 
109 
Metals 
Pb MIC (/igm/ml) 
No. of s t ra ins 
being inh ib i ted 
Sens r t r ve Range 
200 
25 
400 
19 
(16.6) (12.6) 
Resistant Range 
800 1200 1600 3200 
19 38 23 26 
(12.6) (25.3) (15.3) (17.3) 
Cd MIC (;:gm/ml) 
No. of strains 
being inhibited 
200 400 
21 11 
(14.0) (7.3) 
800 1200 1600 3200 
39 23 30 26 
(26.0) (15.3) (20.0) (17.3; 
Ni MIC (Kgm/ml) 
No. of strains 
being inhibited 
200 400 
29 26 
(19.3) (17.3) 
800 1200 1600 32C0 
21 25 20 29 
(14.0) (16.6) (13.3) (19.3) 
Cd MIC ((igm/ml) 
No. ot strains 
being inhibited 
200 400 
19 
800 1200 1600 3200 
ND ND 
(12.0) (12.6) 
MIC of the stanaard AB1157 strain. M Q = N o t d s t s c t s d 
51 62 
(34.0) (41.3) 
Values in parentneses indicate the percentage of the total isolates. 
Table 2. HIC Pattern of 130 E.coM Isolates from Soil 
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Metals 
Sensitive Range Resistant Range 
Pb MIC C/igm/ml) 
No. of s t r a i n s 
be ing i n h i b i t e d 
200 
20 
(15.3)" 
400 
23 
(17.6) 
800 1200 1600 3200 
21 16 14 36 
(16.1) (12.3) (10.7) (27.6) 
Cd MIC (;igm/ml) 
No. of strains 
being inhibited 
200 400 
15 27 
(11.5) (20.7) 
800 1200 1600 3200 
19 15 21 33 
(14.6) (11.5) (16.1) (2h. 
Ni MIC (ASm/ml) 
No. of strains 
being inhibitea 
200 400 
20 29 
(15.3) (22.3) 
800 1200 1600 320C 
17 23 16 2' 
(13.0) (17.6) (12.3) (19.2, 
Zn MIC (;:gm/mO 200 400 800 1200 1600 320C 
No. of strains 
being inhibitea 31 24 
(23 .8 ) ( 18 .4 ) 
NO NO 32 4: 
( 2 4 . 6 ) ( 3 3 . : ; 
*M1C of the s tandard AB1157 s t r a i n . N D - N o t d e t e c t e d 
k 
VaLues in parentheses indicate the percentage of the total isotates. 
I l l 
Table 3. MIC Pattern of 100 Pseudomonas sp. from Sewage Water 
Sensitive Range Resistant Range 
800 1200 1600 3200 4800 
12 13 29 31 3 
(12.0) (13.0) (29.0) (31.0) (3.0) 
Cd MIC (Mgm/mi) 200 400 800 1200 1600 3200 4800 
No. of strains 
being inh ib i tea 11 13 8 13 19 36 >JD 
Metals 
Pb^^ MIC (Mgm/ml) 
No. of strains 
being inhibited 
200* 
4 
** 
(4.0) 
400 
8 
(8.0) 
(11.0) (13.0) (8.0) (13.0) (19.0) (36.0) 
Ni*"" MIC (;igm/ml) 200 400 800 1200 1600 3200 4800 
No. of strains 
being inhibited 1 3 16 19 32 29 ^D 
(1.0) (3.0) (16.0) (19.0) (32.0) (29.0) 
Zn MIC CMgm/ml) 200 400 800 1200 1600 3230 48C0 
No. of strains 
being inhibited 5 13 NO NO 26 H3 "3 
(5.0) (13.0) (26.0) (43.0) (13.0 
*MIC of the standard AB1157 s t ra ins . ND = N o t ( 3 e t e C t e d 
Vaues in carantheses indicate percentage of to ta l iso la tes . ** 
i i ; 
Table A. MIC Pattern of 100 Pseudomonas sp. from Soil 
Sensitive Range Resistant Range 
Metals 
++ * 
Pb MIC {;igm/ml) 200 400 800 1200 1600 3200 4800 
No. of strains 
being inhibited 2 12 9 12 23 34 8 
(2.0)** (12.0) (9.0) (12.0) (23.0) (34.0) (8.C) 
Cd MIC (;:gm/mn 200 400 800 1200 1600 3200 4800 
No. of strains 
being inhibited 7 21 11 8 17 36 ND 
(7.0) (21.0) (11.0) (8.0) (17.0) (36.0) 
Ni MIC (Mgm/ml) 200 400 800 1200 1600 3200 4800 
No. of strains 
being inhibited 2 
(2.0) 
10 
(10.0) 
13 12 29 34 ND 
(13.0) (12.0) (29.0) (34.0) 
800 1200 1600 32C0 ^800 
ND ND 21 33 13 
(21.0) (33.0) (13.0) 
MIC of the starxjard AB1157 s t ra ins . ND - N o t d e t e c t e d 
Values in parantheses inaicate the percentage of to ta l i so la tes . 
++ 
Zn MIC ((igm/mU 
No. of strains 
being inhibited 
200 
10 
(10.0) 
400 
23 
(23.0) 
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Table 5. T rans fo rmat ion Frequency of E .co l i HB101 w i t h R-ptasmids I s o l a t e d from E . co l i and Pseudonoras 
S t r a i n s 
S.No. Test plasmid Total No. of No. of transformants Transformation 
ce l ls frequency 
1 pSWI 
2 pSSI 
3 pPSWI 
4 pPSW2 
1.75 X 10 
1.67 X 10 
1.42 X 10 
1.49 X 10 
1.7 X 10 
1.04 X 10 
0.90 X 10" 
0.8 X 10 
9.7 X 10 -4 
6.7 X 10 
9.8 X 10 -3 
Markers transferred 
Cd, Pb 
6.2 X 10'^ Cd, Pb, N 
-3 Cd, Pb, Zn, 
Pb, Cd, Zn. 
30 
60 
120 
239 
332 
542 
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Table 6. Conjugative Potential of Multiply Resistant E.coli Isolates 
with Recipient AB1157 Strain 
Donor Time Colonies on Colonies on metal Percent 
strain (min) plane plates supplemented plates conjugation 
SWl 30 239 62 26 
139 43.2 
372 68.6 
SW2 30 123 37 30.8 
95 53.3 
192 69.6 
SSI 30 142 52 36.6 
112 50.4 
174 57.2 
60 
120 
177 
278 
60 
120 
221 
304 
Fig. 1 Agarose gel electrophoretic pattern of plasmid DNA 
isolated from six different E.coli strains from 
sewage water (lanes b-g) , 
lane a : undigested lambda DNA 
lane h : Lam.bda DNA digested with EcoRI 
Fig. 2 Agarose gel electrophoretic pattern of plasmid DNA 
isolated from Pseudomonas sp. from sewage water 
(lane b-g) 
lane a : Lambda DNA digested with EcoRI and 
Hindlll. 
a b c d e f g h 
a b c d e f g 
Fig. 3 Agarose gel electrophoretic pattern of plasmid DNA 
isolated from Pseudomonas sp. from soil (lanes b-g) 
lane a : Lambda DNA digested with EcoRI and 
Hindlll. 
arrow indicates the position of the wells 
(starting point) 
Agarose gel electrophoretic partem of plasmid DNA 
(E.coli isolates from sewage water) digested with 
EcoRI (lane b-g) 
lane a : Lambda DNA digested with EcoRI and 
Hindlll. 
b c d e f g 
Q b c d e f g 
Fig. 5 Agarose gel electrophoretic pattern of plasmid DNA 
(from E.coli isolates) digested wiith Hindlll 
restriction enzyme (lane b-g) and (lane i-n) 
lane a,h : Lambda DNA digested with EcoRI and 
Hindlll. 
iq. 
Agarose ^e. elecrrophcretic partem of plasmid ZNA 
from Pse':r.onona5 sp. from sewage warer digested 
viv.:\ H:ndi:i ^ lane b-g), 
lan^ A , ^ : Lamcda I^N'A digested with EcoRI and 
b c d e f g i j k I m n 
Fig. 7 Agarose gel electrophoretic pattern of the plasmid 
DNA of E. coli SWl isolate digested with EcoRI 
(lane b) , Hindlll (lane c), and BamHI (lane d) 
lane a : Lambda DNA digested with EcoRI and 
Hindlll. 
"ig. 3 Agarose gel electrophoretic pattern of the 
plasmid DNA of transformant E.coli HBlOl (lane 
e,f,g) transfcrmecL with pSWl plasmid (lane 
b,c,d) 
lane a,h : Lambda DNA digested with EcoRI and 
Hindlll. 
b c d e f 
Fig. 9 Plasmid curing and survival of plasmid harbouring 
E.coli SWl and SW2 and Pseudomonas sp. SWl strains 
by treatment: with ethidium bromide 
Symbols : Curing (solid line), survival (broken 
line) , E.coli SWl (•) , E.coli SW2 (o) , 
Pseudom.onas sp. SWl (/\^) 
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Fig. 10 Effect of treatment with ethidium bromide 
(S/igm/ml for various time intervals) on plasmid 
curing in E. coli SWl (•) , E. coli SSI (o) , control 
pBR3 2 2 (A). 
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Fig. 11 Molecular s ize Vs r e l a t i ve mobil i ty p lo t of the 
t e s t R-plasmid isola ted from E.col i SWl t r ea t ed 
wi th d i f f e r e n t r e s t r i c t i o n enzymes and s t anda rd 
lambda DNA digested with EcoRI and H ind l l l . 
Symbols 
EcoRI digested pSWl plasmid 
(o) pSWl fragment of approx. size 20 kb 
(e) pSWl fragment of approx. size 6 kb 
(o) pSWl fragment of approx. size 3 kb 
Hindlll digested pSWl plasmid 
(•) pSWl fragment of approx. size 2 0 kb 
(•) pSWl fragment of approx. size 7 kb 
(Q) pSWl fragment of approx. size 1 kb 
BamHI digested pSWl plasmid 
(A) pSWl fragment of approx. size 22 kb 
(A) pSWl fragment of approx. size 7 kb 
(L) pSWl fragment of approx. size 1 kb 
(•) Standard DNA Markers. 
N 
u 0; 
O 
Relative mobility (mm) 
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GENERAL DISCUSSION 
Industrial wastes and effluents are undesirable by 
products of economic development and technological 
advancement. Genotoxic effect of pollutants have been 
observed in plants, animals and human population living in 
close proximity to industrial plants outfalls and hazardous 
waste sites. From the public health stand point, it is the 
contamination of water supplies - both ground and surface 
water that poses the most significant risk. 
Industrial genotoxicants may enter water supplies 
directly via the leaching of contaminants from waste 
disposal sites or the discharge of effluents into water-
ways. Industrial contaminants may also be introduced to 
water supplies indirectly via municipal wastewater treatment 
plants that receive industrial effluents but are not 
equipped to handle them. Waste treatment plants have been 
shown to release higher levels of genotoxicity when the 
ratio of industrial to domestic waste inputs is high (Meier 
and Bishop, 1985). 
Our data on metal analysis shown in table 1 and 2 of 
Chapter III give a clear picture of the contamination of 
wastewaters and soils by a variety of heavy metals. Some of 
which are considered to be toxic to the biological systems. 
The concentrations of Cr, Cu, Ni and Pb were comparable to 
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those reported by earlier workers in different regions of 
this country (Ajmal et al., 1980; Bhowal et ai., 1987). The 
levels of Fe and Zn were found to be highest in all the 
sampling sites (Table 1, Chapter III). This might be due to 
the strategic situation of the area of our study, where a 
large quantities of metals in the industrial effluents are 
quite likely. 
The total bacterial flora was found to be remarkably 
high at SWl, SW2 and SW3 locations carrying the domestic 
sewage compared with industrial sewage viz. SW4, SW5 and 
SW6. This might be due to the presence of high concentration 
of metals which would adversely affect the growth of 
microorganisms (Table 1, Chapter III, Forstner and Wittnan, 
1979; Jana and Bhattacharya, 1988). 
The wastewater samples (both domestic and industrial) 
from six different sampling sites have been shown to possess 
a significant amount of mutagenic activity by means of Ames 
testing (Fig 1-2, Chapter IV). Although the industrial 
wastewater samples were found to be remarkably mutagenic, 
yet the test domestic waste also exhibited a significant 
mutagenic response, presumably because of the improper 
compartmentalization of different sewages. 
This enhanced level of mutagenicity vis-a-vis increased 
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quantities of heavy metals in the test domestic samples 
clearly indicate the mixing of the domestic and industrial 
wastewaters. It is worth mentioning that there is no fool-
proof insulation and compartmentalization of industrial 
effluents from domestic waste and these two get mixed up 
because (i) small scale industries are house based, and (ii) 
proper compartmentalization of different sewages has not 
gained popularity due to lack of strict laws and their 
enforcement procedures. 
The genotoxic activity of wastewater samples were 
further confirmed by DNA repair assay in E.coli and by 
lambda phage inactivation. Industrial sewage and heavy metal 
mixture treatment to phage lambda resulted in significant 
loss in plague forming units (PFU) compared with the 
domestic sewage (Fig. 3-6, Chapter V). Our results obtained 
with E.coll, lambda phage and Salmonella systems suggest 
that the test samples bring about the DNA damage and thus 
the treated cells initiate the SOS-repair with the 
concomitant induction of mutation. The induction of SOS-
response in our case was supported by the high sensitivity 
of recA, lexA and polA mutants (Fig. 1-6, Chapter V). 
The role of recA"^, lexA"^ and polA"^ genes is well 
documented in the error-prone repair of damage induced by 
various agents (Srivastava, 1976; Walker, 1985; Musarrat and 
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Ahmad, 1988; Qadri et al. , 1992). The wastewater samples 
seem to have initiated the SOS response with the concomitant 
induction of mutation. 
Our soil samples had no significant effect upon the 
reversion of the Ames tester strains as well as on the 
survival of E.coli mutants. This might be due to the absence 
of appreciable amount of soluble mutagens in soil filtrates. 
In the present investigation, E.coli and Pseudomonas 
sp. isolated from sewage and soil were tested for resistance 
against four heavy metals i.e. Pb, Cd, Zn and Ni. Almost all 
E. coli and Pseudomonas sp. from sewage water and soil were 
multiply resistant to heavy metals. Majority of E.coli and 
Pseudomonas isolates from sewage and soil exhibited the MIC 
of more than 200 /igm/ml. Further, MIC values upro 3 200 
/igm/ral and 4800 /igm/ml were recorded for E. ccli and 
Pseudomonas respectively for Pb"^ "^  and Zn"^ "^  (Table 1-4, 
Chapter VI) , which were remarkably high as compared to 
previous studies (Summers and Silver, 1972; Marques et al. , 
1979; Horitsu et aii-/ 19S6) . 
In our study, most of the test bacteria displaying the 
highest MIC had been isolated from industrially polluted 
area. This finding correlates well with the exceptionally 
high levels of these metals in the test sewage and soil 
samples. 
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To address the question of evolution of such a fast 
adapting system having obvious selection pressures, one 
might speculate the role of resistant plasmids (Hada and 
Sizemore, 1981; Baya et al. , 1986). This turned out to be 
true, atleast in the majority of our E.coli and Pseudomonas 
isolates. The presence of metal resistance markers on the 
plasmid were also confirmed by the transformation and curing 
experiments (Table 5, Fig. 9-10, Chapter VI). These findings 
were almost similar to those reported by others who found 
that most of the resistant E.coli strains were carrying 
plasmids (Vakulenko et. aj^. , 1980; Frederickson ejt al. , 
1988). The final proof of the role of resistant plasmids in 
coping up the hazardous effect of heavy metals was provided 
by the conjugation experiment. Surprisingly the metal 
resistant markers were self transmissible also, thereby 
suggesting the conjugative nature of the plasmids (Table 6, 
Chapter VI). Several workers have demonstrated the transfer 
of plasmids through conjugation in various systems includinn 
the soil, water and other environmental conditions (Trevors 
and Oddie, 1986; Trevors and Starodub, 1987). 
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SUMMARY 
SUMMARY 
Heavy metals are toxic pollutants and their prosonce in 
the environment is a major concern. In water, which is the 
primary contaminated medium, introduced heavy metals are 
exposed to many different chemical changes, whereby a high 
degree of variation in metal concentration arises. 
Microorganisms in aquatic ecosystem serve as the basis for 
all food chains and food webs. Hence, the accumulation of 
heavy metals by the microbiota and their movements upto the 
food chains to higher trophic levels may adversely affect 
the entire ecosystem. Heavy metal uptake and concentration 
in food chains, especially those terminating in human 
beings, are topics of renewed interest, largely due to 
several instances of unexpected human intoxication, as have 
occurred with mercury, cadmium and lead. 
This work on the genotoxicity of sewage and soil 
samples collected from the industrial estate of Aligarh was 
carried out to gain insight on the hazardous effect of heavy 
metal pollution as a bacteriologist views it. 
The significant findings alongwith their explanation 
are summarized as under: 
I. Quantitative Determination of Heavy Metals and 
Bacterial Flora of the Test Sampling Sites 
1. The atomic absorption spectrophotometric analysis 
revealed significantly higher levels of Fe, Cr, Cu Zn 
and Ni at all the locations, though industrial sewage 
water (SW4, SW5, SW6) exhibited relatively higher 
quantities of heavy metals as compared to test domestic 
sewage samples (SWl, SW2, SW3). 
2. The location SWl was recorded to be maximally polluted 
with bacterial flora as compared to other locations. 
3. A remarkably higher TBC compared with sewage samples 
was invariably observed in all the soil sampling sites. 
These findings indicated that the wastewater contained 
high levels of heavy metals. The low count of bacterial 
flora in sewage water (SW4, SW5, SW6) might also be due to 
the toxic effect of metals present in these sampling sites. 
II. Ames Testing of Wastewaters 
1. The wastewater samples displayed significant 
enhancement in the number of histidine revertant 
colonies. 
2. Salmonella typhimurium strains TA102 and TA104, which 
are transition mutants and contain AT hot spot were 
generally more sensitive towards the test samples 
suggesting thereby the transition mutations at the A:T 
sites brought about by the existing pollutants in the 
samples. 
3. A mixture of heavy metals were prepared equivalent to 
the quantities of individual metals existing in the 
wastewaters to have an idea about their cumulative 
effect on Ames strains. This mixture exhibited a higher 
reversion activity on TA102 and TA104 strains similar 
to that obtained with wastewaters. 
These findings clearly indicated that the wastewater 
samples contained the highly mutagenic pollutants. The 
contaminating heavy metals seem to have largely contributed 
to the mutagenic activity of wastewater samples. 
III. Role of S08-Repair in the pollutants Induced Injury in 
E.coli 
1. The recA, lexA and polA mutants of E.coli were highly 
sensitive towards the test samples compared with their 
isogenic wild-type strains. 
2. The lexA and polA mutants were usually found to be more 
sensitive compared with the recA mutant. 
These findings strongly suggest for the role of SOS-
repair in coping up the hazardous effect of the pollutants 
in the test system. 
IV. Heavy Metal Resistance in E.coli and Pseudomonas sp. 
from Sewage Water and Soil 
1. A high level of metal resistance was observed in E.coli 
and Pseudomonas sp. isolated from sewage water and 
soil. 
2. Agarose gel electrophoretic analysis indicated the 
presence of plasmids in the bacterial isolates. 
3. The resistance markers could be transferred from metal 
resistant strains to recipient E.coli HBlOl and AB1157 
strains by transformation and conjugation. 
4. The bacterial cells seem to have cured of plasmids on 
treatment with ethidium bromide. 
5. The molecular weight of the R-plasmid, on the basis of 
restriction mapping was found to be approximately 29 kb. 
In view of these studies, it is evident that test 
wastewater samples were highly contaminated with hazardous 
metals. The samples were also highly genotoxic and can 
induce mutations in the exposed organisms. Unfortunately 
the domestic waste in the test region also displayed 
significant amount of similar pollutants. These findings 
call for particular concern, both on the hazardous nature of 
the industrial effluents coming out without proper 
treatment as well as on the mixing of industrial effluents 
with domestic waste. 
Under the present alarming situation of the increasing 
metal pollution in the neighborhood of industrial area, 
which is posing a serious threat to the well-being of 
inhabitants of the region, we would like to put-forward the 
following recommendations for future studies: 
(i) Industries that generate significant amounts of 
genotoxic wastes (based on the activity levels and 
volume produced) should be closely monitored, and 
efforts should be directed at reducing genotoxicity by 
process modification, chemical substitutions, and/or 
pretreatment of the waste prior to disposal. 
(ii) The relative impact of industrial effluents on the 
quality of receiving water, including the influence of 
industrial discharges on surrounding biota, and the 
extent to which these waters are used for human 
purposes (recreation, agriculture, drinking water 
resources) should be evaluated. 
(iii) The intake water effluents of municipal waste 
treatment plants that handle large quantities of 
industrial wastes should be tested to ascertain the 
extent of industrial contamination and the ability of 
treatment plants to remove or destroy the 
genotoxicants. 
